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REGULATION OF CELL GROWTH BY MUCl 

raCHNICAL FIELD 
This invention relates to regolation of cell growth, and moie parficulady to 
reguladon of the growth, of cancers. 

6 BACaCGROUND 

The DFS/MUCI gene eaicodes a liigh molecular wcigjit membrane-associated 
glycoprotein wifli a mncin-Iike external domain. Tiie MXJCl glycoprotein is expressed on 
the apical 'borders of secretory epithelial cells and aberrantly at high levels over ttie entire 
surface of breast, prostate, lung and otiiei' types of carcinoma cells pCufe et al.(1984) 
10 Hybridoma 3:223-232; P^ey et al. (1992) Cancer Res. 52:2563-2568]. Estimates indicate 
that over 500,000 new tumoi^s overexpressing MUCl. are diagnosed each jrear. 

SUIVIMARY 

The iaventofs have discovered that MUCl binds via its cytoplasmic domain (CD) 
to c-Src, epidermal growtli factor receptor (BGF-R), p 1 20'"" (pi 20), and protein kinase C6 

1 5 (PKCS). In addition, they have shown that c-Src, EGrF-R, and PKC6 phosphorylate the 
. CD of MUCl, that phosphoryl^ion of MUCl by these kinases leads to enlianced binding 
of p-cateuiii to MUCl , and that phosphoiylation by EGF-R leads to enlianced binding of c- 
Src to M UC1 - The invention thus features methods for identifying compounds that inhibit 
(a) binding to MUCl of tumor progressors (e.g,, p~catenin, pi20, c-Src, EGF-R, and 

20 PKC5); and (b) phosphoiylation of MUCl by tumor progressors (e.g., c-Src, EGF-R, and 
PKC5), Tlie invention also includes a method for identifyuig a compound that enliances 
binding to and phosphorylation of MUCl by glycogen synthase Idnase 3 P(GSK3p). In 
addition, the invention featoes methods for inhibiting expression of MUCl and tumor 
progressca's in cells and meUiods for inhibiting binding of MUCl to p-catestrin in cells. 

25 More specifically, the invention features a method of identifying a compound that 

inhibits binding of MLfCl to a tumor progressor. The method involves: (a) providing a 
MUC 1 test agent; (b) providing a tumor progressor test agent that binds to tiie MUC 1 test 
agent; (c) contactiiig the MUCl test agent with the tiraioi- progressor test agent in. the 
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presence of a test cQtrq)ouiid; and (d) detennming wheSier the test con^usd inhibits 
binding of the MUCI test agent to the tumor progressor test ageot. The tumor progressor 
test agent can be, for example, a c-Sio test agents, a pl2(f^ test agent, an epidermal growtk 
factor receptor (EGEP-R) test agent, a jJ-cateoiii test ageaat, or a protein kinase C5 (PKC8) 
5 test agent. The contacting can be catded out in a cell-firee system or it can ocscur in a cell 
Another aspect of the invention is amethod of identi^iing a compound that 
enhances binding of MUCI to glyewgensynfiiase kinase 3P(GSII3p^ The method 
invoives: (a) providing a MUCI teat agent; (b) providing a GSKS^ test agent that binds to 
the MUCI test agenl; (c) contacting the MUCI test agtait with fhe GSKSp test agent in the 

1 0 presence of a test compound; and (d) deCeimining whether the test conqjound enhances 
binding of the MUCI test agent to the GSK3p teat agent. The contacting can be carried 
out in a celi-firee systeoti or it can occur in a cell. 

Also featured by the invention is an ia vitro method of inMbitmg expression of 
MUCI or a tumor progressor in a cell that eixpresses MUCI. Tlie method involves: 

15 (a) identi:fying a cell as expressing MUCI ; and (b) treating the cell in vitro with an 
autisense oligonucleotide that hybridizes to a MUCI transcript or to a tumor progi'essor 
franscriptj wherdn the autisense oligonucleotide inhibits expression of MUCI or die tumor 
progressor La the cell. The tumor progressor can be, for example, p-catenin, o-Src, pi 20"^"*, 
EGF-R, or PKC5. The cell can be a cancer cell, e.g., a breast cancer, lung cancer, colon 

20 cancer, pancreatic cancer, renal cancer, stomach cancer, liver cancer, bone cancer, 
hematological cancer (e.g., leukemia or lymphoma), neural tissue cancer, melanoma, 
ovarian cancer, testicular cancer, prostate cancer, cesrvical cancer, vaginal cancer, or 
bladder canc^ celL The cell can be treated with the antisense oligonucleotide Itself or the 
treating step can be accoiuplished by introduction into the cell of a nucleic acid comprising 

26 a Ixaiiscriptional regulatory element (TSE) {e.g., the DF3 enhancer) operablylioked to a 
nucleic acid sequeuce that is transcribed in the cell into the autisense oligonucleotide. 

Another embodiment of tire invention is an in vitro method of inhibiting binding of 
MUCI to P-catenm in a cell that eoqpressea MUCI . The method involves: (a) identiiying a 
cell as expressing MUCI; and (b) treatkig the ceil in vitro with a compound that inhibits: 

30 (i)thebindingofa1umorprogressortDthecylopl35rQicdornainofMUCl;or(ii) 
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phosphDrylaticm of the cytoplasmic dotmain of MUCl by a tumor progressor. The tumor 
progressor can be aay of those listed above aad the compound can a pejjtide ftagmesnt of 
(a)jMUCl or (b) the tamor progressor. The peptide fiagmeat of MUCI canbeapeptide 
fragment of &e cytoplasmic domain of MUCl, e.g., apeptide fragmeat with an amino acid 
5 sequence that is or contains SEQ ID N0:7. The cell can. be a cancer cell, e.g., any of the 
cancer cells listed above. The cell can be treated with the conq)ound itself or, where the 
compound is a polypeptide, the treatuig step can be accomplished by introduction into the 
cell of a nucleic acid comprising aTRE (e.g., the DF3 enhancer) operably linked to a 
nucleic acid sequence encoding the polypeptide. 

.1 0 Another aspect of the invention is a method of identi^ng a conqjound that inhibite 

phosphorylation of MUCl by a tumor progressor. The method involves: (a) providing a 
MUCl test agent; (b) providing a tumor progressor teat agent that phosphorylates the 
MUCl test agent; (c) contacting the MUC 1 test ag^ with the tumor progressor test agent 
in the presence of a test compound;' and (d) determining whether the test compound 

15 inhibits phosphorylation ofthe MUCl test agent by the tumor progresaoT test agent. The 
tumor pro gressor test agent can be any of those Med above and the contacting can b e 
carried out in a ceQ-free system or it can occur in a celL 

The invetdon also embodies an in vivo method of inhibiting binding of MUCl to 
P-catenin in a cancer cell that expresses MUCl . The method involves: (a) identifying a 

20 subject as having a cancer that expresses MUCl ; and (b) administering to tlie subject a 
compound or, where the compound is apolypeptidej a nucleic acid comprising a nucleic 
acid sequence encoding the polypeptide. The compound is one that inhibits 01) binding of 
atumor progressor to the cytoplasmic domain of MUCl or (ii) phosphorylation of the 
cytoplasmic domain of MUCl by a tumor progressor. Tlie subject can be a human patient 

25 and tlie cancer cell can be any of those listed above. 

Also featured by the invention is an in vivo method of inhibiting expression of 
MUCl or a tumor progressor in a cancer cell that expresses MUCl The method involves: 
(a) identifying a subject as liaving a cancer that expresses MUCl; and (b) administering to 
the subject an antisense oligonucleotide or a nucleic acid comprising a TRE operably 

30 linked to a nucleic acid sequence that encodes the antisense oligonucleotide. The antisense 

3 
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oligonucleotide (1) lijrbddizes to a MUCl transcript or to a tumor pogressor transcript and 
(ii) inhibits esrpresssion of MUCl or the tumor progressor in Ihe cdL The swbject can be a 
liuinaa patient and the cancer cell can be my of those listed above. 

'Tolypeptide" and "protein" are used interchangeably and mean any peptide-luilced 
6 ciiain of amino aoids, regaidlese of length or post-translational modification. The MUC-l, 
. tumor progressor, or GSK3P text agents used in any of the methods of the invention can be 
wild-type, or can have one or more (e.g^ one, two, three, fow, five, six, seven, eight, nine, 
ten, 12, 15, 20, 25, 30, 35, 40, or 50) conservative amino acid substittttions. Conservative 
substitutions typically include substitutions within the following gronps: glycine and 
10 alanine; valine, isolencine, and leucine; aspartic acid and glutamic acid; asparagine, 
glutamine, serine and threonine; lysine, histidine and arginine; and phenylalanine and 
tyrosine. 

As used herein, a "tumor progressor" is (a) p-oatenin or (b) a polypeptide fligt binds 
to and/or pho^horylat^ one or more amino acid residues (e.g., tyrosme or threonine 

■1 S residues) in the cytoplasmic domain of MUCl so as to enhance binding of P-catenin to 
MUC 1. Tumor progressors include, for example, p-oatenin, pl20, c-Src, EGF-R, and 
PKC6. Another tumor progressor of interest is ErbB2. 

As used herein, a "tumor progressor test agent" is (a) the Mt-lenglii (mature or 
immatuia) wild-type tumor progi-cssor, (b) a ftagment of liie tumor progi-essor that is 

20 shorter than the full-length tumor progressor, or (o) (a) or (b) but with one or more (see 
above) cons ervatrve substitutions. Tumor progressor test agents other than full-length 
■wild-type tumor progressors will have at least 50% (e.g., at least 50%, at least 60%, at least 
70%, at least 80%, at least 90%, at least 95%, at least 98%, at least 99%, at least 99.5%. or 
100% or more) of the ability of the fiill-length wild-type tumor progressor to bind to, or to 

25 phosphoiylate, flhte cytoplasmic domain of MUC 1 , Tumor progressor test ageents include, 
for example, p-catenin test agents, pl20 test agents, c-Srcteat ^eiits, EGF-R test agents, 
and PKC5 test agents. 

As used herein, a "MUCl test agenr is (a) full-length (mature or immature) wild- 
type MUCl, (b) a fragment of MUCl that is shorter than fidl-length mature MUCl, or (c) 

30 (a) or (b) but with one or more (see above) conaei-vative substitations. Fragments of. 
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MDCi include -tliose fhat contain all or part of the CD of MUCl and, eitter none, all, or 
part of the rest of the mature MUCl molecule. MUCl test agents other than full-length 
wild-type MUCl will have at least 50% (e.g., at least 50%, at least 60%, at least 70%, at 
least 80%, at least 90%, at le^ 95%, at least 98%, at least 99%, at least 99.5%, or 100% 
5 or more) ofthe ability offttll-lengthmatiu-o wild-type MUCl to bind to, or be 

phosphoryiated by ftie action of, the tumor progressor test agent of choice or by a GSK3p 
test agent 

As used herein, a **GSK3 p test agenf is (a) tlie ftai-length wld-type GSK3 p, (b) a 
fragment of GSK3^ that is shorter than M-length GSK3p, or (c) (a> or (b) but with one or 

10. more (see above) conservative substihitions. GSK3 13 test agents otiier than fiiU-Ieugth 
wild-type GSK3p will have Eit least 50% (e,g., at least 50%, at least 60%, at least 70%, at 
least 80%, at least 90%, at least 95%, at least 98%, at least 99%, at least 99.5%, or 100% 
or more) of the ability of iull-lengfh wild-type GSK3p to bind to, or to phospfaoiylate, the 
cytoplasmic domain of MUCl. 

15 As used herein, "opeiably linlced" means incorporated into a genetic construct so 

that expression control sequences elifectively control expression of a coding sequence of 
interest. 

Unless otherwise defined, all tedinical and scientific tenns used herein have the 
same meaning as commonly understood by one of ordinary skill in the art to which tliis 

20 invention pertains. Incaseof conflict, the present document, including defmitions, will 
control. Preferred methods and materials are described below, although methods and 
matoials similar or equivalent to those described herein can also be used in the practice or 
testing of the present invention. AH publications, patent apphcations, patents and other 
references mentioned hesrem are incorporated by reference in Iheir entirely. The materials, 

25 methods, and examples (^sclosed herein are illustrative only and not intended to be 
limiting. 

Other features and advantages of the invention, e.g., inhibiting the growth of canes: 
cells, will be apparent firmn the following description, ftom the dravrfngs and fixwn the 
claims. 

30 
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DESCMPHON OF DRAWINGS 

Fig, 1 A is a pair of photographs of imraxmoblots. A lysate fixan ZR.-75-1 bieast 
cancer cells was iiamimoprecipitated witli control mouse IgG (left lane in both panels), 
antibody specific for MUCl C'anti-MUCl"; middle lane of left panel), or antibody specific 
5 for o-Src ("anti-c-Src"; middle lane of ri^t panel). The imtmnoprecipitates were 

sabjected to immunoblot analysis with anti-c-Src (left panel) or anti-MUCl (riglit panel). 
An aliquot of the lysate not subjected to immunoprecipitation was also analyzed by 
immunoblot analysis ("Lysate"; right lane of both paaels). The positions of o-Src and 
MUCl on the immunoblots are indicated. 

1 0 Fig. IB is a photograph of an immunoblot Purified, recombinant MUCl/CD 

(cytoplaanic domain of MUCl) was incubated alone ("MUC-l/CD"). "wilh glntafhione-S- 
transfarase (GST) ("MUC1/CD-K3ST"), GST fused to the SH2 domain of o-Src 
CMUCl/CD+GST-Src SH2"), or GST fiised to the SH3 domain of c^Si-c 
CmrCl/CD+GST-Sic SFB"). Proteins precipitated firom feese mixtures with glutathiono- 

1 5 Sepliarose 4B ™ beads were subjected to itmnunolot analysis with an antibody specific for 
MUCl/CD ("anti-MUCI/CD"). The position on the immunoblot of MUCl/CD is 
indicated. 

Fig. 1 C is a photograph of an immunoblot (left -panel) and a photograph of a 
Coomassie blue-stained sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS- 

20 PAGE) gel (right pand). Purified recombinant MUCl/CD (cytoplasmic domain of MUCl) 
was incubated alone ("MUC-l/CD (hiput)"), with glut-athione-S-transferase (GST) 
("MUCl/CD+GST"), GST fused to the SH3 domain of c-Src ("MUCl/CD+GST-Src 
SH3"), or GST fiised to the SH3 domain of c-Src in vMch amino acids 90-92 were deleted 
("MUCl/CD+GST-Sic SH3De90/92"). Proteias precipitated firom these mixtures witli 

25 ghjtathione-Sepharose 4B'"'' beads were subjected to immunoblot (IB) analysis with anti- 
MUCl/CD {'TB: anti-MUCI/CD"). The position of MUCl/CD on (he immunoblot is 
indicated- The SDS-PAGE gel used for the iminunoblot analysis was stained with 
Coomassie blue to assess loading of wild-type ("GST-Src SH3") and mutant ("GST-Src 
SH3De90/92") SH3 doinains onto the geL 
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Fig. 2A is a table showing the components of two phosphoiylation reaction 
mixtures (top panel) and an autDiadiogram of a SDS-PAGE gel of the two phosphorylation 
le^on mixtures (botaara panel). The positions of phosphrayiated (Pin^ circle) c-Src and 
MUCl/CD on the autoradiogram are indicated. 
5 Fig. 2B is a sdiemalicrepreaantajion of the MUCl molecule showing the stmcture 

of "wild-type and a mutant finm of MUCl/CD. The sequence of amino acids 42-50 of the 
wild-type ("MUCl/CD (WT)") (SEQ ID NO;l) and mutant ("MUCl/CD (Y46F)") (SEQ 
ID NO:2) M0C1 CD and the nncleotide sequences of cDNA encoding wild-type (SEQ ID 
NO:3) and mutant {SEQ ID NO:4) are shown. Numbers indicate amino acid positions in 

10 MUCl/CD (SBQ ID NO: 1). TR, tandem repeat domain; TM, fransmemhrane domaiiu 
CD, cytopiffitoic domain. 

Fig. 2C is: a table showing the components of three phosphorylation reaction 
mixtures (top panel); an autoradiogram of an SDS-^'AGE gel of Ihe three phosphorylation 
reaction mixtures (middle panel); and a photograph of a Coomassie blue staiiied-SDS- 

15 PAGE gel (bottom panel). The positions of phosphorylated (P m a circle) c-Sio and 
MUCl/CD inlteavUoradiogram arc indicated. The SDS-PAGE gel used to generate the 
autoradiogram was stained with Coomassie blue to assess loading of MUCl/CD onto the 
geL 

Fig, 2D is a table showing the substrates and presence or absence of ATP in four 
20 phosphorylation reaction mixtures (top panel), and two photographs of immunoblot 
analyses of the phosphorylation reaction mixtures (middle and bottom panels). The 
immunoblot depicted in the middle panel was gtain«i with anti-MUCl/CD C'lB: anti- 
MUCi/CD"). Hie immunoblot depicted in the bottom, panel was stained with an ajatibody 
specific for phosphoJyrosine residues ("IB: anti-P-Tyr"). The positions on the 
25 inmiunoblotsofMUCl and phosphoiylated (Pin a circle) MUCl/CD are indicated. 
Fig, 3 A is a table showing the components of two phosphorylation reaction 
mijdm es (top panel) and a photograph of an immunoblot fixnu an SDS-PAGE gel of the 
phosphorylation reactioai mixtures J[bottom panel). The inrnumohiot was stained with 
antibody specific for glycogen synthase kmase 3 p (GSK3 jJ) C'lB: anti-GSKSP"). The 
30 position of GSK3P on the immunoblot is shown. 
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Fig. 3B is 8 pair of photographs of itnniunobbts. Z3R.-75-1 breast cancer cells were 
tramiently transfected wilii a control cxpressiou vector (•'2K.-'75-lArectof^ or an 
e3q)iesaoa vector coailaijdugdJNA encoding c-Src Lyaaites from these 

cells were imnnmoprecipitated ("IP") with anti-MUCl ("IP: anti-MUCl")- I-ysate fimt 
5 the cells transfected with the vector expressing o-Src was also iratrainoprecipitated with 
normal mouse IgG ("IgG"). These immimoprecsipitates as well as unprecipfeted lysate 
("Lysate") fi?om the cells- traiefeoted with the c-Src-eaqpressiiig vector were subjected to 
immmioblot analysis with anti-c-Sro ("IB; anti-c-Src") (top panel) or anti-GSK3p ("IB : 
anti-GSKSP") (bottom panel). The positions of IgG, o-Src, and GSK3P on the 

10 immonoblots are indicated. 

Fig. 4A is a pair of photographs of inimunoblots. Above the top panel is shown the 
components of eight phosphorylaiion reaction niixtures. The proteins in the eight different 
reaction mixtures were incubated with either GST or GST fiised to |3-catenin C'GST-p- 
Caf *). The resulting mixtures were incubated with glutathione-Sepharose 46™ beads. 

1 5 Proteius precipitated by the beads were subjected to immunoblot analjfsis with anti- 
MUCl/CXi CTB: aatt-MUCl/CU") (top panel) or antibody specific for p-catenin ("IB: 
anti-cateniti") (bottom panel). Thepositlojis of MUCl/CD and p-catenin ("p-Caf ) on the 
iramnnoblots are indicated. 

Fig. 4B is a series of three photographs of imnxunoblots, ZR-75-1 breast cancer 

20 cells were iransiaitly transfected with a control expression vector C'ZR-75-l/Vector") or 
an expression vector containing cDNA encodiag c-Src C'ZR-75-l/c-Src"). Lysates from 
these cells were immunoprecipitated (IP) with either normal mouse IgG ("IgG") or anti- 
MUCl ("IP: anti-MUCl"). These immunoprecipitates as well as m^recipitated lysate 
(Xysate") from the ceUs transfected with the o-Src-expressing vector were subjected to 

25 immunoblot analysis with anti-c-Src C'lB: anli-c-Src") (top panel) or anii-P-Tyr C'ES ; anti- 
P-Tyr*^ (middle panel), o(ranti-P-Cat (bottom panel), Thepositions of c-Sro, 
phosphoryiated (P in a circle) MUCl, and p-catenin ("P-Caf^ on the inHnunoblots are 
indicated. 

Fig. 4C is a series of three photogi-aphs of immunoblots. 293 cells were transiently 
30 transfected with: an expression vector containing cDNA encoding MUCl ("293/MUCl")i 

S 
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aa expression vector oontatning cDNA encoding MOCl and an expression vector encoding 
c-Sic C'293/MUCl+o-Src"); or an expression vector contaiiiiiig cDNA encoding MUCl 
-with the tyrosine residue at position 46 of the CD mutated to pbetiylalanioe and 3n 
expression vector encoding o-Sro C^93/iMUCl (Y 46F)+o-Src"). Ly^tes from these cells 
5 were immmoprecipitatcd wifli dther normal mouse IgG ("IgG") or anti-MUC 1 ("IP : anti- 
MUCl")- The imraunopirecipitatBs as well as unprecdpitated lysate C'Lysate*^ fiom the 
cdls transfected with the c-Src-escpressing vector were subjected to iinmunoblot analysis 
with anti-c-Src ("IB: anti-o-Src") (top panel) or anti-P-Tyr C^B: anti-P-iy") (middle 
panel), or anti-p-Cat (bottom panel). The positions of c-Src, phosphorylated (P in a circle) 

1 0 MUCl, and p-CEitenin ("J3-Cat") on the immunoblots are indicated. 

Fig. 5A i£ pair of photogr^s of immimoblots. Lysates of ZR-75-1 breast cancer 
cells were inrnumcpreoipitated ("JDP") with anti-MUCl C'anti-MUCl") or control IgG 
(TgG"). The resulting immnnDprecipitates and iinprccipitated lysate were subjected to 
immuDoblot analysis with antibody specific for p 120 C'lB: anti-pl20") (top panel) or anti- 

15 MQCl ("IB: anti'MtrcrO (bottom panel). The positiocs of pl20 and MOCl on the 
immunoblots are indicated. 

Fig, 53 is pair of photo^:'^>hs of ixnnnmoblots. Lysates of ZR-75-1 breast cancer 
cells were immunoprecipitatsd ("IP") with anti-pl20 ("anti-pl20") or control IgG ('*IgG"), 
. The immunopreoipitates and ui^pracipitated lysate were subjected to immunoblot analysis 

20 with anti-pT20 ("IB: aniii?120") (bottom panel) or anti-MUCl C'lB: anli-MUCl") (top 
panel). The positions of pl20 and MUCl on the immunoblots are indicated. 

Fig. 6A is a schematic rBpresentation of the structure of wild4ype MUCl 
("MUCl") and MUCl lacking its cytoplasmic domain C*EWlUCl/dCD"). TR, tandem repeat 
domain; TM, tranamemtorane domain; CD, cytoplasmic domain. 

25 Fig. 6B is: a table indicating &e vectors and the amounts (in p.g) of expression 

vectors used to trausiently transfect five aliquots of 293 cells (top panel); and three 
photographs of immimoblots. The vectors used were a control expression vector 
("V^tor"), an cxpresMon vector containing a cDNA sequence encodmg MUCl ("MUCl"), 
an expression vector containing a cDNA sequence encoding MUCl/dCD C'MUC 1/dCD"), 

30 and an expre^ion vector containing a cDNA sequence encodiog p 120. Foriy-eight hours 
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after transfectioii, fee five transfected cell populations were Ijraed Aa aliquot of each 
lysate was inoniiinoprecqiitated wifh anIi-MUCI (TP: anti-MLrCl")* and the 
inunmioprecipiteite was subjected to inmnnioblot analysis with. anli-pl20 ("IB: anti-pl20") 
(top imnninoblot). Aliquots of each iysate were subjected diiectly to immunoblot analysis 
S wifli mti-MUCl C1B: anti-DF3-E") (middle immimoblot) or 3iiti-pl20 CTB: anti-pl 20") 
(bottom immunoblot). The positions of MDCI, MUCl/dCDj. and pl20 on tlie 
immunoblots aare indicated. 

Fig. 6C is a photograph of an iinmunoblot. Purified iseoombinant MUCl/CD was 
incubated with GST ("GST") oar GST fiised to pl20 C*GST-pl20"), The resulting inixtiires 
•I 0 were incubated wilii glutathione-Sepharose 4B ™ beads, and proteins precipitated by the 
beads were subjected to imimmoblot analysis with anti-MLTCl/CD. The position of 
MUCl/CD on the immunoblot is indicated. 

Fig. 7A is a depiction of the amino add sequences of MUCl/CD (SEQ ID NO; 1) 
(top sequence), the N-terminal region of MUCl/CD C*N-MUC1/CD") (SEQ ID NO:5) 
15 (middle sequenceX and the C-tcarminal region of MUCl/CD ("C-MUCl/CD") (SEQ ID 
N0;6) {bottom sequence). The numbers indicate aminD acid positions in MUCl/CD (SEQ 
ID N0:1). The p-ca£enin-binduig site is boxed. Xlie GSK3P-binding and phophorylation 
site is singly underlined and fhepl20-binding site is doubly imderlined. 

Fig. 7B is a photograph of an immunoblot. In the table above the immunoblot is 
20 indicated which of GST and GST-pl20 was incubated with eithea- MUCl/CD, N- 

MUCl/CD, or C-MUCl/CD recombinant protein. Four samples containing the indicated 
mixtures of proteins were subjected to immunoblot analysis with aoti-MUCl/CD C'SB: 
anti-MUGl/CD"). 

Fig. 7C is a pair of photographs of immunoblots. In the table above the 
25 immunoblots is indicated the mixtures of MUCl/CD, GST-pl20, and GST which were 
incubated in ttie absedice of icihibitor peptide (first and fourth lanes of both immunoblotB) 
or in the pi-esencc of either a peptide with the amino acid sequence MSEYPTYHTH (SEQ 
ID N0:7) or a peptide with the amino acid sequence GRYVPPSSTDR (SEQ ID NO:S). 
The four mixtures were incubated with glutathione-Sepharose 4B™ beads and proteins 
30 precipitated by &e beads were subjected to immunoblot analysis with anti-MUCl/CD 
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C'BB: anti-MUGl/CD") (top immimoblot) oi anti-pl20 CIB: aaU-.pl20") (top 
imnumoblot). The positians of MUCl/CD and pl20 on the immimoblots aa:e indicated. 

Fig. 8 A is a series of photographs of iimnanoblots. 293 cells wesre transiently 
tiansfected with a control eixpression vector ("Vector") or an expreission vector contaidng a 
s cDNA sequence eticoding wild-type MUCl ("MUCl"), Solubilized cytoplasmic ("Cyto") 
and nuclear ("Hue") fractions were prepared £:oin the transfected cells and st^jected to 
immunoblot anatysis with axiti-pl20 ("IB: anti-pl20") (top two inunmoblots), anti-MUCl 
("IB: aati-MUCl") (naiddle two immmioblofta), or ah antibody specific fet actin ("IB; anti- 
actin") (bottom two jimnunoblots). The positions of pl20j MUCl, and actin on the 

10 immunoblots are hidicated. 

Fig. 8B is a series of photographs of iromunoblots. MDA-MB-23 1 cells were 
transiently transfected with a control expression vector ("Vector") or an expression vector 
containing a oDNAseqiicaace encoding wild-type MUCl ("MUCl"). SolubilizBd 
cytoplasmic ("Cjrto") and nuclear ('TShic") fiactions wei'e prepared Jiom llie transfected 

15 cells and subjected to nnmvinDblotanalyaiswith anti-pl20 ("IB:- anti-pl20") (top two 
immunoblots), anti-MUCl ("IB: anti-MUCl") (middle two immunoblots), or aix antibody 
specific for actin ("IB: anti-actiii") (bottom two immunoblots). The positions of pl20;, 
MUCl, and acttn on the inmiunoblote are indicated. 

Fig. 9A is a pair of photographs of immunoblots. ZR-75-1 breast cancer cells were 

20 lysed and the lysate was immunoprecipitated ("IP ") with normal IgG C'XgG") or anti- 
MUCl C'anti-MUCr'). The innnunoprecipitates and ahquots of the lysate that had not 
been immunoprecipitated ("Lysate") were subjected to immunoblot analysis with an 
antibody specific for ^idermal growth factor receptor (BGF-R) ("IB; anti-ECaP-R") (top 
immunoblot) or anti-MUCl C'llB: anti-MUCl "} (bottom immunoblot). The positions of 
. 25 EGF-R. and MUCl on the hnmunoblots are indicated. 

Fig. 9B is a pair of photographs of immunoblots. ZR-75-1 breast cancei- cells were 
lysed and the lysate was immunoprecipitated ("IP") with noimal IgG ("IgG") or anti-EGF- 
R ("anti-BGF-R"). The inomunoprecipitales and aliquots of the lysate that had not. been 
immimoprecipitated ("Lysate") were subjected to immunoblot analysis with an antibody 

30 specific for epidermal growth fector receptor (BGF-R) ("IB: anti-EGF-R") (bottom 
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immunoblot) or anti-MUCl ("IB: anti-MUCI") (top immMiiDblot). The positions of EGF- 
R and MUCl on the immunoblots are indicated. 

Fig. 9C is apair of photogiaphs of immunoblots. 293 cells were Iransiently 
transfected with eitiier an exprrasion vector containing a cDNA sequence encoding EGF-R 
5 ("293/EGF-R") or witii an expression vector containing a cDNA. sequence encodiug EGF- 
R and an expression vector containing a oDNA sequence eaicoding MUCl ("293/EGF- 
R4MtJCl "). The tcansfected cells were lysed and the lysates were immnnpprecipitated 
("IP") with anIi-MUCI ("amd-MUCl"). Theimmimoprecipitates and an aliquot of the 
lysate of the cells Jransfebted with vectors encoding bolh EGF-R and MUCl that had not 

1 0 been immimopredpitated were subjeoted to itnmimoblot amlysis with anti-EGF-R ("IB : 
aati-EGF-R") (top inmunoblot) or anti-MUCl ("IB: anti-MUCl ") (bottom immmioblot). 
The positions of EGF-R and MUC-1 on the immunoblots are indicated. 

Fig. 9D is a pair of photograplis of immunoblots. 293 cells were traasiently 
tcansfected wil3i: an expression vector containing a cDNA sequence eaicoding EGF-R 

1 5 ("2^/EGF-R"); or with an expression vector containing a cDNA sequence encoding EGF- 
R and an expression vector coataining a cDNA sequence encoding MUCl ("293/EGF- 
R4MUC 1 "). The transfected ceUs were lysed and the lysates wci"e iramunoprecipitated 
("IP") with anti-EGF-R ("anti-EGF-R"). The inmnHioprecipitatss were subjected to 
innnunoblot analysis with anti-EGF-R ("IB: anti-EGF-R") (bottom immunoblot) or anti- 

20 MUCl C'EB; anti-MUCl") (top immunoblot). The positions of EGF-R and MUC-1 on the 
immunoblots are indicated. 

Figs IpA and lOB are a series photomiorogri^hs of ZR-TS-l breast cancer cells 
that had been cultmredin the stbsence ("-EGF" ; Pig. lOA) or prescsoce C'+EGF"; 10 ng&il; 
Fig. lOB) of epidermal growth factor (EGF) for 5 min. The ceils were double-stained with 

25 anti-EGF-R (labeled with a fluoiopkne emitting green fluorescence) or anti-MUCl 
(labeled with a fhiorophore emitting red fluorescence). In the left two panels grem 
fluorescence C'anti-EGF-R") is visualized, in the middle two panels red Quorescence 
("anti-MUC 1") is visualized, and in the right two panels the green fluorescent images were 
overlaid OB tiie red fluorescent images ("Overlay''). 
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Kg. 1 1 A is a pak of photogr^hs of imrminoblote. ZR-75-1 bareast cancer ceUs fliat 
had beeai cultured in fee absence C'ZR-75-r) or pregsnce C'EOfj 10 ng/nd) of BGF for 5 
ndn were lysed and the lysates were imtmmDprecipitated ("IP") with anti-MUCl ("anti- 
MUCl "). The BtnraiinoprBcipitatBS wore sub] ected to immtmoblot analysis with anti-P-iy 
5 O'lB: anti-P-iyr") (top immunoblot) or anti-MUCl ("IB: anti-MCJCl") (bottom 

inmmnoblot). The positions of phosphoiylated (P in a circle) MUCl and MUCl on the 
immuttoblots are indicated. 

Fig. 1 IB is a pair of photogr^hs of immunoblots. 293 cells were transiently, 
transfected with an expression vector contaimng a cDNA sequence encoding EGF-R and 

10 an expression vector containing a cDNA sequence encoding MUCl ("293/BGP- 

R+MUCl"), The ti-ansfeoted cells were cultured in the absence ("ZR-75-1") or presence 
("EGF'; 10 ng/ml) of EGF for 5 min. and then lysed. The lysates were 
inanunoprccipitated ("IP") with anti-MUCl ("anti-MUCr). The immunoprecipitatas were 
subjected to immuiK>blot analysis with anti-P-Tyr ("IB: anti-P-iyr") (top inimimoblot) or 

is anti-MUCl C'lB: anti-MUCr') 0)ottoni immunoblat). The positions of phosphoccylated 
MUCland MUC-1 on the imnKmoblots are indicated. 

Fig. 1 IC is a photograph of an autoradiogram (top panel)-and a Coomassie blue- 
stained SDS-PAGE gel (bottom panel). Purified recombinant wild-type C'Wt") and mtitant 
MUCl/CD proteins (see below) were incubated withpiiiifled recombinant EGF-R and [y- 

20 ■ ^] ATP. The reaction products were analyzed by SDS-PAGE and autoradiography (top 
panel). The gel used for autoi'adiography was also stained with Coomassie blue in order to 
assess the relative levels of protein loading onto the gel (bottom panel). The mutant 
MUCl/CD pro teins had tyrosine residues at positions 46 ("Y46B"), 8 ("Y8F"), 20 
("Y20F"), 26 (" Y26F"), and 35 ("YSSF") of MOCl/CD (SEQ E) NO: 1) mutated to 

25. phenylalanine. 

Fig. HB is a pair o'f photographs of immunoblots. HCTl 16 cells were transiently 
transfected widi: a control expression vector ("HCTl 1 6A^ector"; first two lanes of 
immunoblots); an expression vector containing a cDNA sequence encoding MUC 1 
C'HCT116/MUC1"; middle two lanes of immunoblots); or an expression vector containing 
30 a cDNA sequence eacodii^ MUCl with the tyix)siue residue atposition 46 of MUCl/CD 
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mtiatfid to pilfflaylalanine ("HC1116/MnCl (Y46F)"; last two laaes of iinnnaiDblots) . 
The tiaDsfected cells ware cultured in iiie absence (lanes indicated by the acronym for the 
relevant transfectedcells)c)rpresoace (lanes indicated "by ''+EGF") of EGF(10Bg/inl) for 
5 niin. and then lysed. The lysales were imniunoprecipitated flP") with anti-MUCl 
5 ("anti-MUC 1 "). Hie immunoprcoipitates were subjected to immmioblot analysis with atiti- 
P-iyr ("IB: anti-P-Tyr") (top iramwioblot) or anti-MUCl ("IB: anti-MUCl") (bottom 
iraraunoblot). The positions of phosphorylated (P in a circle) MUCl and MUC-1 on the 
imirauioblots are indicated. 

Fig. 12A is a sedes of five photogjrapis of immunoblots and a Coomassie blue- 

10 stained SDS-P AGE geL Purified recombinant wild-type MUCl/CD or piirified 
recombinant mutant MtJCl/CD .Cy46F) were incubated with and witlioTit purified 
recombinant EGF-R and with and without ATP as indicated in the table at the top of the 
figure. Either GST-Src-SH2 (top three photographs) or GST-p-catenin (bottom two 
photographs) was added to diese reaction mixtures. The reaction mixtures were incub ated 

15 with gtatathione-Se^jharose 4B™ beads and proteins precipitated by the beads were 
subjected to immunoblot analysis with anti-P-Tyr C1B: anti-P-Tyr") (first panel), anti- 
MUCl/CD ("IB: anti-MUCl/CD") (second and fourth panel), ox anti-p-catenin ("IB: anti- 
p-catemn") (fifth panel). Equal loading of proteins to the lanes of SDS-P AGE gels is 
shown by the Coomassie blue-stained gel vssi for immunoblot analysis shown in the 

20 second panel and by the immunoblot sliown in the fifth panel. The positions of 

phosphorylated MUCi/CD, MUCl/CD, GST-Src-SHZ, and p-catenin on the immunoblots 
and the Coomassie blue-stained gel are indicated. 

Fig.' 12B is a series of three photographs of hnmunoblots. ZR-75-1 breast cjuicer 
ceils lliat had been cultured in Vas absence ("ZR-75 - 1 ") or presence ("EGP'; 1 0 ng/ml) of 

25 EGF for 5 min were lysed and the lysiites were immimoprecipitaied ("IP") with anti-MUC 1 
("anti-MUCl"). The innnunoprecipitates were subjected to immunoblot analysis with anti- 
c-Src ("IB: anti-o-Src") (top immunoblot), anti-p-catenin ("IB: anti-p-catenin") (middle 
immunoblot), or anti-MUCl ("IB: anti-MUCl") (bottom immunoblot). The positions of 
c-Src, p-catenin, and MUCl on the immunoblots are indicated. 
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Fig. 12C is a ssies of three phofo^phs of immunoblots. HCTH 6 cells were 
ttansimtly trausfccted wife: a conbol eacpression vector CUCTl IGA^ector"; first two lanes 
of immunoblots); an eKpression vector containing a oDNA sequegooe encoding MUCl 
CHCTl 16/MUCl"; middle two lanes of iimmmoblots); or an expression vector contaxtrog 
a cDNA sequence encoding MUCl with the tyrosine residue at position 46 of MUCl/CD 
mutated to phenylalanine C'HCn'UeZMUCl (Y46F)"; last two lanes of immunoblots). 
The transfected cells wei-e cultured in tlie absence (lanes indicated by the acronym for 
relevant transfected cells) or presence (lanes indicated by "+£0?"; 10 ng^il) of EGF for 5 
rain, and then lysed. The lysates were unmunoprecipitated ("IP") with anti-MUCl ("anti- 
MUCl"). The iiiBmmopre<^itates were subjected to inununoblot analysis with anti-c-Src 
CTB: anti-c-Src") (top immunoblot), anti-p-catenin ("JB: anti-p-catenin") (middle 
immnnoblot), or airti-MUCI ("IB: anti-MUCl") (bottom immunoblot). The positions of c- 
Src, P-catenin, and MUC-1 on the immunoblots are indicated. 

Fig. 12D is a depiction of tlie amino acid sequence of MUCl/CD (SEQ ID NO:l). 
Tyrosine residues (Y) at positions 8, 20, 26, 35, and 46 are shown in bold and are 
underlined. The GSKSP-bindmg and phosphoiylation site (STDRS; SEQ ID NO:9), the c- 
Src-binding sequence (YEKV; SBQ n>NO:10), and the {^-catettHi-binding sequence 
(SAGNGGSSLS; SEQ ID N0:11) are indicated. 

Fig. 13A is apair of photographs of immunoblots. A lysate of ZR-75-1 breast 
cancer cells was immunoprccipitated with control mouse IgG (left lane in both panels), 
anti-MUCl C'anti-MUCl"; middle lane, left panel), or antibody specific for PKC5 ("anti- 
PKCS"; middle lane, right panel). The inununoprecipitates were subjected to immunoblot 
analysis with anti-PKC5 (left panel) ("B; anti- PKC5") or anti-MUCl (right panel) ("IB: 
anti-MUCl"). An aliquot of the lysate not subjected to immunoprecipitation was also 
analyzed by immunoblot analysis ("Lysate"; right lane of both panels). The positions of 
PKC5 and MUCl on the immunoblots are indicated. 

Fig. 13B is a series of tinee photographs of immunoblots. A lysate from ZR-75'1 
breast cancer cells was immunoprecipitated with control mouse IgG (left lane in all three 
panels) or anti-MUCl ("anti-MUCr*;middle lane in all three panels). The 
immunopreciipitates were subjected to inunimoblot analysis wife antibody specific for 
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protein kinase cpn (top paiief) ("IB; artli-PKCPn''), antibody ^edfic for protein kmase 
Ct| (middle panel) ("IB: anti-PKC'n"), or antibody specific for protein kinase Cji (bottom 
panel) ("IB: anti-PKC^"). An aliquot of the lysate not subjected to immimopreoipitation 
was also analj^ed by iramunoblot analysis ("Lysate"; right lane of all three panels). The 
5 positions of PKCpii, PKCii and PKC|j. on tbe immuaoblots are indicated. 

Fig. 13C is a pair of photographs of immimoblots. 293 cells were transiently 
transfected witli: an expression vector containing a cDNA sequence encoding MUCl 
("MUCl"); or with an expression vector containing a cDNA sequence encoding MUCl 
and an expression vector containing a cDNA sequence encoding PKCS ("MUCl+PKCS")- 

10 The transfected cells were lysed and the lysates were immmiopreoipitated ("IP") with 
mouse IgG C'lP: IgG") (first lane of both panels) or anti-MUCl ("IP: anti-MUCl") 
(second and third lanes of both panels). The immunoprecipitates were subjected to 
inmmnoblot analysis with anti-PKCS ("IB: anti-PKC5") (top panel) or anti-MUCl ("IB: 
anti-MUCl") (bottom panel). An aliquot of the lysate not subjected to 

1 5 inunmioprecipitation was also analyzed by immmoblot analysia ("Lysate"; fourth lane of 
botli panels). The positions of PKCS and MUC-1 on the immnnoblots are indicated. 

Fig. 13D is a photogr^h of an iramunoblot Purified recombinant PKCS 
CTKC5H-") was incubated wilii GST or GST ftised to MUCl/CD C*GST-MUC1/CD"). 
Proteins precipitated from these mixtures with gUitathione-Sepharose 4B™ beads were 

20 subjected to immimoblot ("IB") analysis with anti-PKC6 ("IB: anti-PKCB"). The position 
of PKCS on the immimoblot is indicated. 

Fig. 14A is a photograph of an autoi-adiogram. Purified recombinant PKCS 
("+PKC5") was incubated with [y-^^F] ATP and GST or GST-MUCl/CD. The reaction 
products were analyzed by SDS-PAGE and autoradiography. The positiootK of PKC5 and 

25 phosphorylated (P in a circle) GST-MUCl/CD on fee autoradiogram are indicated. 

Fig. 14B is a schematic representartion of the structure of wild-type MUCl and a 
depiction of the sequences of amino acids 38-45 of MUCl/CD as they occur in: wild-type 
MUCl ("MUCl/CD (WT)") (SEQ ID N0:16); MUCl in which the thrwiime residue at 
position 41 of MUCl/CD is mutated to alanine CmrCl/CD(T41A)") (SEQ ID N0:17)j 

30 MUCl in which the serine residue at position 44 of MUCl/CD is mutated to alanine 

■ IS 



WO02/»S8450 



PCT/lJSOl/49923 



CMJC1/CD(S44A)") (SEQ ID NO:l8); MUCl in which the serine residue at position 40 
ofMOCl/C» is mutated to alanine ("MUC1/CD{S40A)") (SEQ ID NO:19); and MUCl in 
whiolx the serine lesiduo at position 40 and the serine residue at position 44 of MQCl/CD 
■ are mutated to alanine ("MUCI/CD (S40A/S44A)") (SEQ ID NO:20). Also indicated 
S above each of these amino acid sequesnoes are the nucleotide eequencee encoding the 
■ amino acid sequences (SEQ ID NOS:21-25). Tlie numbers indicate amino acid positions 
in MUCl/CD (SEQ ID NO:l). TR, tandem repeat domain; TM, transmemhrane domain; 
CD, cytoplasmic domain. 

Fig. 14C is a photogr^h of an autoradiogram (top panel) and a Coomassie blu e- . 

10 stained SDS-PAGE gel (bottom panel). Praified recombinant PKC5 was incubated witli 
wild-type MUCl/CD or one of four mutant MUCl/CD proteins Ccontaining the mutations 
indicated in Fig. 14B) and [y-^P] ATP. The reaction products wens analyzed by SDS- 
PAGB and autoradiography (top panel). The gel used far autoradiography was also stamed 
mth Coomassie blue in order to assess relative levels of protein loading onto die gel. The 

i 5 positions of PK.C5 and MUC 1/CD on the autoradiogram and the Coomassie blue-stained 
SDS-PAGE gel are indicated- 
Fig. 14D is a pair photographs of iramunoWots. The table above the top 
immunoblot indicates the pi-esence {"+") or absence {"-") of various components [PKC5, 
AIP, wild type MUCl/CD C*MUC1/CD + PKC5"), and mutant MUCl/CD (T41A) 

20 .C'MUC1/CD(T41A) + PKC5")] of a series.of six phosphorylation reaction mixtures. As 
indicated in the tables GST-p-catenin was added to all the Teaction mixtures after 
completion of the phosphorylation reaction. The reaction mixtures were then incubated 
with glutathione-Sqjharose 4B™ beads and proteins precipitated by the beads were 
subjected to immunoblot analysis with anti-MUClAIB ("IB: anti-MUCl/CD") (top panel) 

26 or anti-PKC5 ("IB: anti-PKC5") (bottom panel). 

Fig. 15 A is a pair of photographs of immunoblots. 293 cells were transiently 
transfected with: an expression containing cDNA encoding MUCl and an expression 
vector encoding green fluorescent protein (GFP) fused to PKCS CMUCl+GFP-PKCS"), 
. an expression vector containiiig cDNA encoding MUCl and an expression vector encoding 

30 GFP flised to the Idnase-inactive PKCS mutant PKC5{K378R) C'MUC1-K5FP-PKC5CK- 

17 



PCr/US01/49i)33 



R)") ; or an eacpre^on vector contaimng cDNA encoding MUCl wifli the threonme 
sresidue at position 41 of the CD nratated to alanins and an expression vector enooding GFP 
fused to PKC5 («MUClCr41 A)+Ca'P-PKC8"). Lysatss from Hieae oells were 
iiiraiitmopreoipitated with and-MUCl (^: anti-MUCl"). The imraunopi-ecipitates -were 
5 subjected to imimmoblot mialjrsis with anti-f^catenin ("IB: anti-P-oatoam") (top panel) or 
anti-MUCl C*DB: anti-MUCl") (bottom panel). The positions of p-cateaiiii, IgQ, and 
MCTCl on the immunoblots are indicated. 

Fig. ISB is a pmr of photographs of immunoblots. HCT116 cells were stably 
Iransfected witti: a control escpression vector ("HCTl 16/V"); an expression vector 

■1 0 containing a oDNA sequence encoding MUC 1 ("HCTl IG/MUC 1 "); or an expression 

vector containing a cDNA sequence encoding MUCl with the threonine i^idu© at positioJi 
41 of MUCl/CD nmtated to alaiiine ("HCTll 6MUCI (T41 A)"). Lysates prepared from 
the transfected cells were imnrunoprecipitated with anti-MUCl and the 
iimniraoprecipitates were subjected to immiiiioblot analysis with anti-MUCl ("IB: anti- 

15 MUCr) (top panel) or anti-p-catenin CIB: anti-P-catenin"). The positions of MUC-l and 
p-catenin on the iamumoblots are indicated. 

Fig. 15C is apair of photographs of immunoblots. HCTH6 cells were stably 
transfected with: a control expression vector ("HCTl an expression vector 

containing a cDNA sequence encoding MUCl ("HCTU6/MUC1 "); or an expression 

20 vector containing a cDNA sequence encoding MUCl with the threonine residue at position 
41 of MUCl/CD mutated to alanine CHCTUe/NlUCl (T41A)"). The left three lanes of 
the iraraunoblotB contain material iramunoprecipitated (as decifljed below) flxtm Ihese 
transfected cells. The right three lanes of the immunoblots contain material 
immunoprecqjitated (as decrihed below) from cells transfected as described for ttie left 

26 three lanes but additionally transfected with an expression vector containing a cDNA 
sequence encoding GEFP-PKC5 C'+GFP-PKCS"). Lysates prepared from the transfected 
cells were iromunoprocipitated with anti-E-cadhexin ("IP: aitti-E-cadherin") and the 
iirumcnoprecipitates were subjected to immunoblot analysis with atdi-p-catenin ("IB: aiiti- 
p-cateaiin") (top panel) or anti-E-cadherin (*TB: anti-B-cadherin") (bottom panel). The 

30 positions of p-cateaiin and E'Cadhetiti on the immunoblots are indicated. 
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Fig, 16A is a series of photomicrographs. HCT116W, HCTHe/VRJCl and 
H[CT116/MUC1(T41A) cells (see Fig. 15C) were incabated ia. soft agar for three weeks. 
The analysis was carried out on two independently selected clones Q'l" and "2") of each 
traofectant cell line. 

5 Fig. 16B isabargi^i^hshowingtlieniimberofcolomesobtainedinthreeculture 

dishes of each of the transfectant clones shown in Fig. 16B. V-X, done 1 of HCTlieA?; 
V-2, clone 2- of HCTl 16A^; MUCl-1, clone 1 omCTll&MUCU MtICl-2, clone 2 of 
HCril6MUCl; T41A-1, clone 1 of HCT116/MUC1(T41A); T41A-2, clone 2 of 
HCriI6/MUCl(T41A). 
10 Fig. 16C is a depiction of the amino acid sequence of MUCl/CD (SEQ ID NO: 1). 

- The PKC6 phosphorjiation site (T41), the GSK3P phosphorylation site (344), the start of 
liie EGF-R and o-Sro SH2 binding motif (Y46), and tlie P-catenin binding site are 
indicated. 

15 DETAILED DESCRIPTION 

The inventors have found that the tyi-osiiie Icinase c-Src binds via its SH3 domain 
to, andphosphorylates, the cytoplasmic domain (CD) of the human mucin molecule 
MCJCl . In addition to other sites, c-Src phosphorylates a tyrosine residue in the a YEKV 
site in the CD of MUCl (MUCI/CD), i.e., position 46 of SEQ ID NO:l. Ihe SH2 domain 
20 of C-Src was found to bind to phosphorylated but not to uuphosphorylated MUCl/CD. On 
the other hand, c-Src-mediated phosphorylation of MUCl/CD leads to decreased abilitj' of 
MUCl/CD and glycogen synthase kiuase 3 p (GSK3p) to physically associate with each 
other. This observation was made both in cells and in a ceU-ftee system. 

It was previously shown that phosphoiylation of MUCl by GSIC3P leads to 
■ 25 decreased binding of p-catenin to MUCl [Li et al. (1998) Mol. Cell Biol 18:7216-7224]. 
The inventors have found that phosphorylation of MUCl by c-^rc leads to increased 
binding of p-cateniii to MUCl/CD and tliat phosphorylation of Ihe tyrosine residue in. 
positian 46 of the MUCl/CD (SBQ ID NO: 1) is necessary for bmding of p-catenin to 
MUCl/CD. These findings were obtained in cells and in a cell-free system, 
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The inventors also obsoved that flhc epidermal ^wfh fiictor rec^tor CBGF-R) 
with tyrosine activity binds to and phosphoiylates &e CD ofMUCl. ConioGai microscopy 
experiments showed, before taoA after exposure of cells to en^idennal growQi ikctor 
(EGF), colocalization of MQCl aadEGF-R iii tlie cell membrane. While fba distnibution 
5 was imifomi in unstimulated cells, it was "patchy" in the cells stimulated with EGF. 
Phoflphorylation of Qie CD ofMUCl by BGF-R occurs at, in addition to other sites, the 
tyrosine at position 46 of SEQ ID N0:1. Moveovear, phosphorylation of the CD ofMUCl 
by EGF-R results in enhanced physical association between the MUC 1 and both c-Src and 
p-catenin aiid this binding was, at least in part, dependent on the phosphorylation of 
10 tyrosineatposition46ofSEQE)NO:i. 

Exp eriments of tlie inventois showed moreover that flie threonhie kmase PKC5 
binds to and phosphoiylates the CD ofMUCl. FUrthcamorei phosphorylation of the CD of 
MUCl by PKC6 enhances binding of J3-catenin to the CD ofMUCl . This observation 
was made both in a cell-fiee system and in cells. Phosphorylation of threonine at position 
15 41 ofthe CD domain (SEQ K)N0:1) ofMUCl byPKC6 seemed to be largely responsible 
for the enhanced binding of P-catenin to the CD of MUCl . 

In addition, the inventors have also discovered that a member of the AiraadiUo 
■ repeat doniEun family, plZO** (pl20), associates witliMUCl via the CD of MUCl. 
Binding inhibition eKperiments indicate that pl20 binds to the CD of MUCl via a region 
' 20 ofthe CD OfMUCl that includes the amino acid sequence MSEYPTYHTHfSEQ ID 

N0;7). Expression ofMUCl in cells that do not naturally express it resulted in increased 
levels of pl20 in the cell nuclei. It is likely that a complex ofMUCl and pl20 is 
transported to the nucleus. 

Expression of recombiuant wild-type MUCl by HCT116 colon cancer cells was 
25 associated witli decreased binding of p-catenin to E-oadham. Moreover, expression of 
wild-type MUCl by HCTl 16 cells resulted in increased anchorage-independent growth of 
the cells. 

J3-oatenm binds to E-cadherin and, in the form ofthe resulting complex, is a 
component ofthe adherens junctions of mammalian epithelial cells. pl20 also localizes to 
30 cell junctions. Tbns, incar^ed binding of P-catenin and/or pl20 to MUCl in cancer ceils 
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results in lowex availability of p-catenin amd/or pl20 to be coniponents of cell jmctiom 
and this, in tatn, lesjdts in decreased avidity of cancaf cell-tOKsaacea: cell adhesion, and 
hence enhsnced metastatic potential of relevant cancel cells. This concept is strongly 
aujiporlBcl by the above-mentioned fiaperimejits allowing that expression of wild-t3?pe (but 
5 not mutant) MUC 1 is assocdartfid with decreased binding of P-catenin to E-oadherin. 

Ill addition, both )J-oa±enin and p 120 are involved in gene activation. In view of the 
fact that both p-catenin and pl20 ajrpear to be transported to the nncleos in the form of 
complexes with MUCl subsequent to their binding of MUCl, binding of either to MUCl 
can lead to enhanced gene activation aad consequent enhanced tumor growth. 

1 0 Thus, binding of p-catenin and /or p 120 to MUCl can increase tumor progression 

(by both increased cancer cell growth and metastatic potential). Moreover, in view of (I) 
the ability of o-Src, EGF-R, and PKCS to bind to MUCl and, by phosphorylation of 
MUCl, to enhance binding of p-catenin to MUCl and (2) the ability of EGF-R to bind to 
MUCl and, by phospihorylation of MUCl, regulate binding of o-Src to MUCl, o-Src, 

1 5 EGF-R, and PKC5 are likely to be indirectly involved in enhancing cancer ceil 

progression. In contrast, since phosphorylation of MUCl by GSE3p leads to decreased 
binding of p-catenin to MUCl, GSKSP likely inhibits cancer cell progression. 

The inventoiB have demonstrated oncogenic activity of MUCl in that normal 3Y1 
mouse fibroblasts transfected with and expressing cDNA encoding MUCl formed tumors 

20 when injected into niida micei In addition, the role of MUC 1 in enhancing cancer cell 
growth is shown by the fact that, as mentioned above, expression of wild-type MUCl by 
HCTl 16 cells resulted in increased aachorage-independent grovrth of the cells. 

Methods of Sgreeninfi for CompouiKls 
25 The invention provides in vitro methods for identifying compomids (small 

molecules or macromolecules) that: (a) iDhibit binding of tumor progressors (e.g., p- 
catenin, pl20, c-Src. EGF-R, orPKC5) to MUCl; (b) enhance binding of GSKSp to 
MUCl ; and (c) inhibit phosphorylation by tumor progressors (e;.g,, c-Src, EGF-Bl, or 
PKC5). 
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These methods can be perfbimed using: (a) isolated MUCl test agents, tumor 
progressor test agents, and GSK3p test agents; or (b) ce:Ils esxpressmg a MUCl test agent 
and one or more of the tumor progressor test agents and/or a GSK3p test agent. 

The term "isolated" as applied to the above-listed poiypeptidfi test agents refia-s to a 
polypejjtide or a peptide figments which eilJier lias no nataraUy-occurring comiterpart or 
has been sepaiated or purified flxmi components which naturally accompany it, e.g., in 
tissues such as pancreas, liver, spleen, ovary, testis, muscle, joint tissue^ neural tissue, 
gasfrointestiiial tissue or tumor tfasue, or body fluids such w blood, serum, or urine. 
Typically, the polypeptide or peptide fragment is considered "isolated" when it is at least 
70%, by dry wei^t, fise finom the proteins and other nataraUy-occurring organic molecules 
with which it is naturally associated. Preferably, a preparation of a test agent is at least 
80%, more preferably at least 90%, and most preferably at least 99%, by dry weight, the 
test agent. Since a polypeptide that is chemically synthesized is, by its nature, separated 
flom the components feat naturally accompany it, a synthetic polypeptide test agent is 
"isolated," 

An Isolated polypeptide test agent can be obteined, for example, by extraction from 
a natural sourcs (eg., from tissues); by expression of a recombinant nucleic acid encoding 
the polypeptide; or by cheraioal synthesis. A polypeptide test agent that is produced in a 
cellular system different from the source from which it naturally originates is "isolated," 
because it will necessarily be free of components which natm-ally accompany it The 
degree of isolation or purity can be measured by any appropriate method, e.g., column 
chromatography, polyacrylamide gel electrophoresis, or HPLC analysis. 

Prior to testing, any of the test agents can undergo modification, e.g., 
phosphorylation or glycosylation by methods Icnown in the art. Phosphorylation increases 
the binding of some the tumor progressors (e.g,, c-Src and p-catenin) to the MUCl CD. 

Ill methods of screening for compounds that inhibit or enhance binding of isolated 
MUCl to an isolated tumor progressor or isolated GSK3p, respectively, a MUCl test agent 
is tjontacted with a tumor progressor test agent or a GSK3p test agent in the presence of 
one or more concentrations of a test compound and binding between the two test agents in 
ihe presence and absence of tije test compound is detected or measured. In such assays 
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neither of the agents need be detectably labeled. For example, by exploiting the 
phauamenon of surface plasmon resonance, the MUCl test agent can be boxmd to a 
suitable solid substrate and the tumor progressor (or GSK3P) test ageait e^osed to the 
gubstrate-bouod MCJCl test agent in fiie presence and absence of the compomd of interest. 
Binding of the tumor progressor (or GSK3fS) test agent to tiieMUCl test ageot on tlie 
solid aibstrate results in a change in the intensity of sinface plasmon losonance that can be 
detected qualitatively or quantitatively by an ^propriate instrnment, e.g,, a Biacoi'e 
^paratns (Biacore Memational AB, Rapsgatan, Swedeai). It will be appreciated fliat the 
experiment can be performed in reveiEei, i.e., with the tumor progressor (or GSK3P) test 
agent bound to the solid substrate and the MUCl test agent added to it in the presence of 
tlie test compound. 

Moreover, assays to test fin- inhibition or enhancement of binding to MUCl can 
involve the use, &r example, of (a) a single MUCl-specific "detection" antibody that is 
detectably labeled; (b) an unlabeled MUCl -specific antibody and a detectably labeled 
secondary antibody; or (c) a biotuiyiated MUCl -specific antibody and detectably labeled 
avidin. In addition, combinations of these approaches (includitig "multi-layer" assays) 
familiar to those in the art can be vscd to enhance the smsitivity of assays. Li these 
assays, the tumor progressor (or GSK3P) test agent can be immobilized on a solid substrate 
such as a nylon oar mtPocellulose membrane by, for exairtple, "spotting" an aliquot of a 
sample containing the test agent onto a membrane or by blotting onto a membrane an 
electrophoretic gel on which the sample or an aliquot of the sample has been subjected to 
decttoplioretic separation. The substrate-bound test agait is then exposed to the MUCl 
test agent iu the presence and absence of the test compound. After incubating the resulting 
mixture for a period of time and at temperature optimized for the system of interest, the 
pi-esence and/or amount of MUCl test agent bound to flie tumor progressor (or GSK3p) 
test on the solid substrate is then aarayed using a detection antibody that binds to the 
MUCl test agent and, where required, appropriate detectably labeled secondary antibodies 
or avidin. It will be appreciated diat instead of binding tlie tumor progressor (or GSKSp) 
test agent to the solid substratCi the MUCl test agent cm be bound to it. In this case 
binding of the tumor progressor (or GSKSp) test agent to the substrate-bound MUCl is 
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tested by obvious adaptions of fee method described above for suhsfrate-boond tumor 
progressor (or GSK3P) test agent 

Tb& invention also features "aaadwicih" aasajra. In these sandwich assays, instead 

■ of immobilizing test agents on solid substrates by the melhods described above, an 

5 appropriate test agent can be immobilized on the solid substrate by, prior to exposing tlie 
solid substrate to the test agent, conjugating a second ("capture") test agent-speciSc 
antibody (polyclonal or mAb) to the solid substrate by any of a variety of methods known 
in the art. The test agent is llien bound to the solid substrate by virtoe of its binding to the 
capture antibody conjugated to the solid substrate, Tte procedure is carried ont in 

10 essentially the same manner described above for methods m whicJi the appropriate test 
agent is bound to the solid substrate by techniques not involving the use of a capture 
antibody. It is iraderstood that in tliese sandwich assays, the capture antibody should not 
bind to the same epitope (or range of epitopes in the case of a polyclonal antibody) as the 
detection aatibody. Thus, if a mAb is used as a capture antibody, the detection antibody 

15 can be either: (a) another mAb that binds to an epitope that is either cojiqiletely physically 
separated from or only partially ovarlaps with the qiitope to which the captoi-e mAb binds; 
or (b) a polyclonal antibody that binds to epitopes other than or in addition to that to which 
the capture mAb binds. On the other hand, if a polyclonal antibody is used as a capture 
antibody, the detection antibody can. be either (a) a mAb Chat binds to an epitope tibtat is 

20 either completely physically separated ftom or partially overlaps with ajiy of the epitopes 
to which the capture polyclonal antibodj' binds; or (b) a polyclonal antibody that binds to 
qpitopes other than or in addition to that to which the capture polyclonal antibody binds. . 
Assays which involve the use of a capture and a detection antibmly include sandwich 
ELISA assays, sandwidi Western blotling assays, and sandwich immunomagnetic 

25 detection assays. 

Suitable soKd substrates to which the capture antSwdy can be bound include, 

■ without limitatton, the plastic bottotns and sides of wells of microtiter plates, membranes 
sucii as nylon or nitrocellulose membranes, polymeric (e.g., wiliiout limitation, agarose, 

■ cellulose, or polyacrylamide) beads or particles. 
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Methods of detecting and/or for quantifying a detectable label 6ep&ad on the nature 
of the label and are known in the art. Appropriate labels include, wiQiout KmitaJion, 
ladionuclides (e.g„ '^^I, ^S, ^H, '^P, or ^'^C), fluoresoaat moieties (e.g., fluorescein, 
rhodamine, orphycoerythiin), Imninescont moieties (e.g., Qdot™ nanoparticles supplied 
5 by the Quantum Dot Corporation, Palo Alto, CA), compounds that absorb light of a 
defined wavelength, or enzymes (e.g., alkaline phosphatase or horseradisih peroxidase). 
The ptodiicts of reactions catalyzed by appropriate enzymes can be^ -without limitation, 
fluorescent, luminescent, or radioactive or they may absorb visible or ultraviolet light. 
Examples of detectors include;, without linutation, x-ray film, radioactivity counters, 
10 scintillation counters, spectrophotometers, colorimeters, flnorometers, luminometers, and. 
densitometers. 

Candidate oompoxmds can also be tested for tlieir abilily to inhibit or enhance 
binding of MUCl to a tumor progressor (or GSICSp) in cells. The cells can either naturally 
. esxptess an appropriate MUCl test agent and/or tumor progre^or (or GSK3P) test agent of 

15 interest or they can recorabinantly express either or both test ageaits. The cdls can be 
noormal or malignant and of any histological type, e.g., without bmitation, epithelial cells, 
fibroblasts, lymphoid cells, macrophages/inonocytes, ^anulocytes, Icea-atinocyteH, or 
muscle cells. Suitable cell lines include those recited in the examples, e.g., breast cancer or 
fibroblast cell lines. The teat compound can be added to the solution (e.g., cxilture 

20 medium) contaimng the cells or, where the compound is a protein, the cells can 

recorabinantly express it. The cells can optionally also be exposed to a stimulus of interest 
(e.g., a growth factor such as EGF) prior to or after exposure of the cells to the compound. 
Following incubation of cells expressing the test agents of interest in the absence or 
presence (optionally at various concertfrartions), physical association between the test 

25 agents can be dietemuned microscopically using appropriately labeled antibo dies specific 
for both test agents, e.g., by confbcal microscopy. Alternatively, flie cells c;in be lysed 
under non-dissociating conditions and the lysates tested for the presence of physically 
associated test agents. Such methods include adaptions of tlioae (fcscribed using isolated 
test agents- For example, an antibody specific for one of tiie two test agents (test agent 1) 

30 can be bound to a solid substrate (e.g., the bottom and sidea of the well of a microtiter plate 
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or a njdon membrane). Aftesr washing away tmboimd antibtxty, the solid substrate -wilh 
bound antibody is contacted wifii the cell lysate. Any test ag&A 1 in tiie lysate, bound or 
not bound to the second test agent (test ^eat 2), will bind to the antibody ^ecific for test 
agent 1 on. the solid substrate. Aiier washing away unbound lysate compo&ents, the 
5 pteseoce of test s^emt 2 (bound via test agent I and the antibody specific fbt test agent I to 
the solid substrate) is tested fer using a detectably labeled antibody (see above) specific for 
test agent 2, Alternatively, test agent 1 can be immuiM^tecipitated with an mtibody 
specific for test agent 1 and liie mmiunoprecipitated material can be subjected to 
electtophoretic separation (e.g., by polyacrylaxtdde gel electrophoresis perfonned under 

1 0 non-dissodBting conditions). Hie electrophoretic gol can flicai be blotted onto a membrane 
(e.g., a nylon or a nitrocellulose membrane) and any test agent 2 on the membrane detected 
and/or measured with a detectably labeled antibody (see above) specific for test agent 2 by 
any of the above-described methods. It is understood that in the above-described assays, 
test agent 1 can be either the MUCl test ageait or the tumor pxogressor (or GSK3 p) test 

15 agent or vice versa. 

The invention also relates to using MUCl test agents and/or tum.or progressor test 
agents to predict or design compounds that can interact with MUCl and/or tumor 
progressors and potentially thereby inlubit the ability of MUCl to intcaract with an 
j^jpropriata tumor progressor. One of sldU in the art would Icnow how to use standard 

20 molecular modeling or other techniques to identify small molecules that would bind to 
appropriate sites on MUCl and/or tumor progressors. One sucih example is provided in 
Bioughton (1997) Cum Opin. Chem. Biol. 1, 392-398. One can use similar molecular 
modeling methods to predict or design compounds fliat would, by binding to appropriate 
sites (e.g., allosteric sites) on either molecule, enhance 1iie binding of MUCl to GSK3p. 

25 The invention also provides methods to test for the ability of a compound to inhibit 

phosphorylation of MUCl by a tumor progressor. Since binding of a tumor progressor 
with kinase activity to MUCl is generally necessary for phosphorylation to occur, the 
above described methods to test for the ability of compound to inhibit the physical 
interaction between MUCl and a tumor progressor are informative as to whether the test 

30 compound will inhibit phosphorylation of MUCl by the tumor progressor. However 
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assays to test directly for iuMbition of phosphoryMon. caa also be pafoimed. As for the 
bindiag inhibition/eadianceiineut ass^, mefiiods to test for iuhibitioa of phosphorylation 
can ako be earned out nsing isolated test agents or test agents in cells. 

Wheal iismg isolated test agents, two test agentii aMUCl test agetnt mid a 
tumor progressot test agent with Idnase activity^ e.g., c-Src, EOF-R, or PlCCfi) of interest, 
the test compound (optionally at a vadety of coaoeotratioEiB), and souroe of phosphate ions 
Ce.g., ATP) are mixed. The reaction mixtture is incubated under conditions readily 
determinalale by one of skill in the art and the presence of phosphate groups on MUC 1 can 
tested for by any of a variety of methods known in th« art. The MUCl test agent (free or 
complexed with the tumor ptrogressor agent) can be sepai-ated (e.g., by 
iinmunoprecipitation, electrophoreiically, or by any suitable diromatographic method 
known in the art) from the reaction mixture and the presence of phosphate groups on the 
MUCl test agent detecfsd by any of a variety of mefliods known in the art. For example, if 
some or all flie molecules of the source of phosphate ions (e.g., ATP) include a 
radionuclide (e.g., ^^) in the phosphate ion, the phosphate groups on the separated MUCl 
test agent can be detected and/or measured using araxiioactivity or scintillation countei-, 
Altemativdy the reaction mixture (wi1h or witliout inununoprscipitation) can be separated 
by electrophoresis (e.g, sodiom dodecyl sulfate polyacryiamide gel clectrcphoresis (SDS- 
PAGE)) and the electrophorotic gssl can be exposed to x-ray film. Phosphorylation of the 
relevant MUCl test agent is evidenced by the presence of a dark band at an {^propriate 
position (defined by the molecular weight of the MUCl test agent) on the x-ray film. The 
demise of phosphorylation of Qba MUCl test agent bands can be quantitated by 
densitometry. 

In other methods,- the source of phosphate ions (e.g., ATP) need not contain a 
radionuclide. In this case, the reaction mixture, or the MUCl tested agent separated (e.g., 
by immunoprecipitation) irom the reaction mixtore, can be subjected to electrophoresis. 
Phosphoryiated versus non-phosphoiylated MUC 1 test agent can be discrimiaated purely 
on the basis of mobility shift. The more pliosphate groups on a polypeptide, the slower the 
polypeptide migrates. Alternatively, the eleclrophoretic gel can be blotted cmto a 
membrane and stained wifli an antibody specific for the phosphorjdated amino acid of 
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intETBst; sucli amino acids fnelnde tyroaine, threonine, aad serine. In yet another method, 
MUCl separated from the reaction mixture (e.g., by iirmiunoprecipitationor acid 
precipitation) can be digested with proteolytic enzymes and the resulting product subjected 
to, for example, mass spectroscopy or thin layer ciiromatogr^hy. Other methods for 
5 detecting and/or measuring phosphorylatioa of protems are known m iJie art, 

When iuhibltiQin of phosphoiylatLon is tested in cells^ the cells can be as described 
for testing for inhibition of binding. The test mixture can oontaiu an exogenous source of 
pihosphate ions (e.g., ATP) or iatracellnlar stcares of appropriate molecules can be rcUed 
upon. Where it is desired to detect phosphate groiqjs on a M0C1 test agent 

1 0 radiometrically, naturally an exogenous source of radiolabeHed phosphate (e.g., [^P]-ATP) 
is added to the reaction mixtare. As for the binding inhibition assays, the test compound 
can be added to the solution containing the cells or the cells can express it recombinantly. 

A candidate compound vibose presence requires at least 1.5 fold {e.g., 2-fbldj 4- 
fold, 6-fold, 10-fold, lOO-fold, 1000-fold, 10,000 fold, or 100.000-fold) more of a given 

15 MUCl test agoit to achieve a defined arbifraiy level of binding to a fixed amount of a 
tumor progi essor test agent than is achieved in the absence of flie compound can be useinl 
for iahibiting the interaction between IvlUCl and ftie i-devant taunor progressor, and thus 
can be usefbl as a cancer therapeutic agent. Alternatively, a ctindidate coiiipound whose 
presence requires nt leE^t 1 .5 fold (e.g., 2-foM, 4-fold, 6-fold, 1 0-fold, 1 00-foid, 1 000-fold, 

20 1 0,000 fold, or 1 00,000-fold) more of a given tumor progressor test agent to achieve a 
defined arbitrary level of binding to a fixed amount of a MUCl test agent than is achieved 
in the absence of the compound can be usefijl for inhibiting the interaction between MUCl 
and the relevant tumor progressor, and thus can be useful as a cancer ther^eutio agent, 
In addition, a candidate compound whose presence requires at least 1 .5 fold (e.g., 

25 2-foid, 4-fold, 6-fold, 10-fold, 100-fold, 1000-fold, 10,000 fold, or 100,000-fold) less of a 
given MUCl test agent to achieve a defined arbitrary level of binding to a fixed amount of 
a GSK3 p test agrait than is achieved in the absence of the compound can be useful for 
enhancing the interaction between MUCl and GSK3 and thus can be useflil as a cancer 
therapeutic agent. Alternatively, a candidate oompoimd wliose presence requires at least 

30 1.5 fold (6,g., 2-fold, 4-fold, 6-fold, 10-fold, lOO-fold, iOOO-fold, 10,000 fold, or 100,000- 
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fold) less of a given GSK3p agent to acJiieve a defined arbitrary level of binding to a 
jgxed amount of a MtTCl test agent than is achieved in Hie absence of the ctat^pouad can 
be useful for eobancing the iuteractioa betvireen MUCl and GSK3p, and thus can be useM 
as a cancer therapeutic agent 

Moreover, a candidate compound whose presoice xecjuires at least 1^ fold (e.g., 2- 
jfold, 4-fold, 6-&ld, 10-fold, 100-fold, lOOO-fold, 10,000 fold, or 100,000-fold) more of a 
given tumor progressor test agmt to achieve a defined arbitnuy level of phosphorylation of 
& MUCl test agent (under the conditions of the relevant assay) than is achieved in fhe 
absence of the compound can be useM for inhibitiagphosphoiylation of MUCl by the 
relevant tumor progressor, and thus can be useful as a cancer thei'apeutic agent. 

Methods of InMbiting Bindinig of MUCl to B-catenin in a Cell 

The invenlion features a method of inhibiting binding of MUCl to [J-catenin in 
ceU. The method involves introducmg into the cell a compound that inhibits: (a) fhe 
15 bindbg of a tumor progressor to fc MUCl {e.g., to tiie MUCl cytoplasmic domain; 

and/or (b) phosphorylation of MUCl (e.g., in the cytoplasmic domain of MUCl). Prior to 
inhoduction of the compound into flie cell, the cell (or another cancer cell from fhe subject 
irom which the cell to be treated was obtained) can optionally be tested for MUCl 
expression. This can be done by .testing for expression of either MUCl protein or MUCl 
20 rnRNA by any ofa -wide variety ofmethods known in the art 

The compound can be one. identified by the methods described above. Compounds 
useful for this method include those that: (a) inhibit binduig between MUCl and a tumor 
jMfogressor (and thus also inhibit phosphoiylation of MUCl by the tumor progtessor where 
tumor progressor has kinase activity); and (b) those that do not necessarily inhibit binding 
25 of a tumor progressor but inhibit phosphorylation of MUC 1 by the tumor progressor. 

Stamples of compounds in category (a) are peptide fragments of the CD of MUCl 
that bind to tumor progressors (e.g., a peptide fragment containing or consisting of the 
amino acid sequence MSEYPTYHTH (SEQ ID N0;7)) and fragments of tumor 
progressors (substantially lacldng kinase activity or lacking the ability to effect 
30 phosphorylation of the tyrosine residue at position 46 of the CD of MUCl (SEQ ID N0:1)) 

29 



wo 02/058459 



VCrfUm/49923 



fhstbindMUCl. An^JpropriatefiragnifintoffheCDofMUCl can be one contaimng or 
consisting of fhe ammo Eicid sefquence YEfCV (SEQ ID N0:1 1) (e.g., a peptide containing 
or consisting of the anoino add sequence DRAPYEKV; SEQ ID NO:12). Peptides 
containing the YEICV amino add sequence can contain up to 50 (e.g., onej two, three, fow, 
five, six, seven, eight, nine^ ten, 12, 15, 18, 20, 25, 30, 35, 40, 45, or 50) MUCl residues or 
miielated residues on either end or on both ends of I3ie YEKV sequeace. Any MUCl 
peptides to be used as inhibitois of tumor px>gre£sar binding can qptiocnally have any 
pbosphorylation-susceptible amino add residues phoaphoiylated. Appropriale fiagments 
of tumor progressoiB include peptides containing, or consisting of, all or pmi of SH2 
and/or the SH3 domains of c-Src. 

BxEHnples of compounds in category (b) inchide dominant suppressor raokcules 
TAdiich can be either fragments of the tumor progressors of any length but shorter than the 
full-length, mature, wild-type tumor progressors and lacking cme or more kinase domains 
that the tumor fffogressars may have or having amino adds necessaiy for kinase flmctiott 
substituted so as to substantially ablate kinase activity in tihe fiagmeaitB. Alternatively, 
such dominant suppressors can contain or be a ftill-lengfii, mature or immature tumor 
progressor (or the mature tumor progressor but containing some signal peptide amino 
acids) but having amino adds necessary for kinase function substituted so that the 
fragment substantially lacks kinase activity. Compounds derived from tumor progressors 
and substantially lacking kinase activity will have at least five-fold (e.g., at least five-fold, 
at least lO-fold, at least 20-fold, at least, 40-fold, at least, 100-fbld. at least 1,000-fbld, at 
least 10,000-fold, at least 100,000-fald, or at least 10*-fbld) lower kinase activity than the 
cotresponding full-length, mature, wild-type tumor propessor; the compound will 
preferably have no detectable kinase activity. Another example of a compound in category 
(b) is a firagment of the CD of MUCl containing sites (e.g., one or more residues such as 
the tyrosine at position 46 of SEQ ID NO: 1 or the threonine at position 41 of SEQ ID 
NO: 1) susceptible to phosphorylation by a tmnor progressor. An example of such a 
compound is tbe peptide described above containing or consisting of the amino acid 
sequence YEKV (SEQ ID NO: 1 1). Another example of such a compound is a peptide 
(derived from the CD of MQGl) containing or consisting of the amino acid sequence 
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STDRS (SEQ ID N0:9) (e.g., a peptide contaimng or consisting of flie amino add 
sequeKce STDRSPYB {SEQ ID N0:13)), Such a peptide can contain to 50 (ag., one, 
two, three, four, five, six, seveo, eight, nine, tsn, 12, 15, 18, 20, 25, 30, 35, 40, 45, or 50) 
MUCl residues or unrelated residue on either end or on both ends of tlie STDRS amino 
6 acid sequence. 

Methods of designing, making, and testing such compounds for the appropriate 
binding-inhibitory and/or phospiharylation-iDJabitoiy activity are known to those in the art. 

Cells to which the method of the invention can be applied inchide gpneraUy any 
cell that expresses MUCl . Such cells include normal cells, such as any normal epithelial 

1 0 cell, or a cancer cell whose proliferation it is desired to iohibit and/or whose abilily to 
. adhere to neighboring cells it is desired to enhance. An appropriate cancer cell can be a 
breast cancer, lung cancer, colon cancer, pancreatic cancer, renal cancer, stomach cancer, 
liver cancer, bone cancer, hematological cancer (e.g., leukemia or lymphoma), neural tissue 
cancer, melanoma, ovarian cancer, testicular cancer, prostate cancer, cervical cancer, 

1 5 vaginal cancer, or bladdes: cancer celL 

The methods can be peaibrmed in vUro, in vivo, or ex vivo. In vitro application of 
appropriate compounds can be useful, for example, in basic scientific studies of tumor cell 
biology, e.g., sttidieB on the mechanism of action of MUCl and/or the tumcarprogressors 
listed herein in pi'omoting Inmor cell growth aad/or metastasis. Li addition, the 

20 compounds that are inhibitory can be used as "positive controls" in methods to identify 
additional compounda with inhibitoiy activity (see above). Li such in vitro methods, cells 
expressing MUCl and one or more of the tumor progressors, can be incubated for various 
times with the inhibitory con!poimd(s) at a variety of concentrations. Other incubation 
conditions known to those in art (e.g., temperature, or cell concentration) can also be 

26 varied. Inhibition of binding and/or phosphorylation can be tested by methods such as 
those disclosed herein. 

The methods of the invention will preferably be in vivo or ex vivo. 
Compounds that inhibit binding between MdCl and a tumor progressor and/or 
inhibit phosphorylation of MUCl by a tumor progressor are generally uaefiil as cancer cell 

30 (e.g., breast cancer cell) proitJferation-ihhibiting or metastasisf-inMbitingt^^ They 
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can be administered to mammalian subjects (e.g., human breast cancer patients) alone or in 
coiijiinctioa wiflx othea: drags and/or radiotherapy. As used herein, a oompoirad tiiiat is 
"therapeutic" h a compound tiiat causes a complete abolishment of the symptoms of a 
disease or a decrease irx the severity of the symptoms of the (Bsease. "Preveiiiion" should 
mean that synqptoms of Ihe disease (e.g., cancer) are essentialLy absent. 

When the methods ate at)plied to subjects with cancer, parior to administration of a 
compound, the cancer can optionally be tested for MUCl expression (MUCl protem or 
MLTCl roRNA esqpression) by methods known in the art. Sudi methods can be perfbnned 
in vitro on cancea- cells obtained firam. a subject. Alternatively, in vivo imaging techniquss 
using, fbr example, radiolabeled antibodies specific for MUCl can be perfbnned. In 
addition, body fluids {e,g,, blood or urine) fi-om subjects with cancer can be tested for 
elevated levels of MtJCl protein or MUCl protein fragments. 

Hiese methods of flae mventioii can be applied to a wide range of species, e.g., 
humans, non-human primates, horses, cattle, pigs, shoqp, goats, dogs, cats, rabbits, guinea 
pigs, hamsters, rats, and mice. 

In Vivo Approaches 

3n one in vivo ^proach, a compound that inhibits bindmg of MUCl to a tumor 
progressor or phosphorylation of MUCl by a tumor progressor (see above) is administered 
to a subject Goieially, the oorapoimds of the invention will be suspended in a 
. pharmaoentically-acceptable carrier (e.g., physiological saline) and administered orally or 
by intravenous infusion, or injected subcutaneoiisly, intramuscularly, intrathecally, 
intraperitoiieally, intrarectally, intravaginally, intranasally, intragastrically, intratracheaily, 
or intrapuhnonarily. They can also be delivered directly to tumor cells, e.g., to a tumor or 
a tumor bed following surgical excision of the tumor, in order to IdU any remaining tumor 
cells. The dosage required depends on the choice of the route of administration; the nature 
of the formulation; the nature of the patient's Hhiess; the subject's size, weight, surface 
area, age, and sex; other drugs being administered; and the judgment of the attending 
physician. Suitable dosages are in tile range of 0, 0 1 ^ig/Icg - Ig/kg. Wide variations in the 
needed dosage are to be expected in view of the variety of compounds available and tiie 
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differing efficiencies of various routes of administration- For example, oral admirastration 
would be expected to requira Mghea: dosages than administration by intravenous injection, 
Vaiiations in these dosage lovels can be a($nsted using standard empirical rcoitines for 
optimization as is well imderstood in the art. Administrations can be single or multiple 
5 (e.g., 2-, 3", 4-, 6-, 8-, 10-, 20-, 50-,100-, 150-, or more fold). Encapsulation of the 
polypeptide in a suitable deUveiy vehicle (e.g„ polymeric micaxyparticles or implantable 
devices) may increase the elfioiehoy of delivery, particularly for oral delivery. 

Alternatively, where an iidubitoiy compound is a polypeptide, a polynucleotide 
containing a nucleic acid sequence encoding the polypqptide can be delivered to 

10 ECTToptia^e cells in a mammal. Expression of the coding sequence can be directed to any 
cell in the body of the subject. However, expression will preferably be directed to cells in 
the vicinity of the tumor cells whose prohferation it is desired to inhibit. Ejqpression of flie 
coding sequence can be directed to the tumor cells themselves. This can be achieved by, 
for example, the use of polymeiic. biodegradable microparticle or micFoca}suie delivery 

1 5 devices known in ihe art. 

Another way to achieve nptalce of ttie micleic acid is using liposomes, prepared by 
standard methods. The vectors can be incorporated alone into these dehveiy vehicles or 
co-incorporated with tissiie-speciflc or tumor-specific antibodies. Alternatively, one can 
prepare a molecular conjugate composed of a plasmid or other vector attached to poiy-L- 

20 lysine by electrostatic or covalent forces. Poly-L-lysins binds to a ligand that can bmd to a 
receptor on target cells [Cristiano et al. (1995), J. Mol, Med. 73:479]. Alternatively, tissue 
. specific tai geting can be achieved by the use of tissue-specific transcriptional regulatory 
elements (TRE) which are known in the art. Delivery of "naked DNA" (i.e., without a 
delivery vehicle) to an intramuscular, intradeimal, or snbcutaneoiM site is another means to 

25 • achieve m vivo expression. 

In the relevant polynucleotides (e.g., expression vectors), the nucleic acid sequence 
encoding tlie polypeptide of interest with an initiatar methionine and optionally a targeting 
sequence is operatively linlced to a promoter or enhancer-promoter combination. Short 
amino acid sequences can act as signals to direct protdns to specific intracsllular 
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compattoente. Such signal sequences are described in detail in U.S. Patent No. 5,827,5 16, 
iBsoipoirated hsiem. by xefereiwe in its eaitiiefy. 

Enhancers piovide esqnression specdficiJy iu trarms of time, localion, and level. 
Unlike a promoter, an esohanoer can function when located at variable diatancea from ths 
5 transcriptioa iniUaiion sitei provided a promoter is present An enhancer can also be 
located downetteEtm of the transciiption imtiaiioii site. To bring a coding sequence undsr 
the control of a promoter, it is necessary to position the translation irdtistion site of the 
tianslational reading frame of fhe peptide or polypeptide between one and about fifiy 
nucleotides downstream (3") of the promoter. Promoters of interest include but are not 

1 0 limited to the cytomegalovirus hCMV immediate early gene, the early or late promoters of 
S V40 adenovirus, the lac system, the frg system, the TAG system, tlie TRC system, the 
major operator and promoter regions of phage A, tiie control regions of fd coat protein, the 
promoter for S-phosphogJycerate kinase, the proixiotBrs of acid phosphatase, and tlie 
promoters of the yeast a-ma&ig factors, the adenoviral Elb minimal promoter, or the 

1 5 thymidine kinase mimmal promoter. The DF3 enhancer can be particulariy useful for 
. expression of an inhibitory compoimd in cells that naturally express MUCl, for example, 
normal epxtlielial cells or mali^ant epithelial cells (carcinoma cells), e.g., breast cancer 
cells [see U.S. Patent Nos. 5,565,334 and 5,874,415]. The coding sequence of flie 
expression vector is operatively linked to a transcription terminating region. 

20 Suitable eaqpdrcssion vectors include plasmids and viral vectors such as herpes 

vimscs, retroviruses, vaccinia viruses, attenuated vaccinia viruses, canary pax viruses, 
adeooviruses and adeno-associated vinis^, among oflliers. 

Polynucleotides can be admimstemJ in a pharmaccuticafly acceptable carrier. 
Pharmaceutically acceptable carriers are biologically compatible vehicles that are suitable 

25 for administration to a human, e,g., physiological saline or hposomes. A therapeutically 
effective amount is an amount of the polynucleotide that is capable of producing a 
medically desirable result (e.g., decreased proliferation of cancer cells) in a treated animal. 
As is well known in the medical ails, the dosage for any one patient depends upon many 
factors, including the patient's size, body surface area, age, the particular compound to be 

30 administered, sex, time and route of administration, general health, and other drugs being 
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admMsteTed coQcnireaifly. Dosage will vary, but apreferred dosage ibr admim^ation of 
polynycleotide is fixjm t^amaaSely 1 0^ to appioxiinately 10^^ copies of the 
polyaucieotids molecule. This dose oanbe repeatedly administered, as needed. Routes of 
administration can be any of those listed above. 

6 

£x Vivo Approacltes 

An ex vivo strategy involve transfecting or transduoing cells obtained from the 
subject with a polynucleotide encoding a polypeptide that inhibit binding of MUCi to a 
tumor progi essor or phosphorylation of MUC 1 by a tumor progressor. The transfected or 

1 0 transduced cells are then retamed to the subject. The cells can be any of a wide range of 
types including, without limitation, hemopoietic cells (e.g., bone marrow cells, 
■ macrophages, monocjftes, dendritic eells, T cells, or B cells), fibroblasts, epithelial cells, 
endothelial cells, keratinocytes, or mnscle cells. Such cells act as a source of the inhibitory 
polypeptide fer as long as they survive in the subject. Alt€snatJvely, tumor cells, 

1 5 preferably obtained fiom tiie subject but potentially ftom an mdividnal other than the 

subject, can be transfected or transfiormed by a vector encoding the inhibitory polypeptide. 
The tumor cells, preferably Ir^^ted with an agent (e.g., ionizing itxadiation) that ablates 
tlieir proliferative capacity, are then introduced into tlie patient, where they secrete the 
polypeptide. 

20 The ex vtvo methods include the st^s of harvesting cdls from a subj ect, ciilturing 

Hie cells, transducing fhem with an expression vector, and maintaining Hbs cells under 
conditions suitable for expression of the polypeptide that inhibits inhibit binding of MUCI 
to a tumoi- progressor or phcsphorylation of MUCI by a tumor progressor Those methods 
are known ia the art of molecular biology. The ixansdnction step is accomplished by any 

25 standaixi means used foi' ex vivo gene therapy, including calcium pihosphate, lipofection, 
electroporation, viral infection, andbiolistic gene transfei*. Alternatively, liposomes or 
polymeric micropaiticles can be used. Cells that have been successfully tiamduced can be 
selected, for example, for expression of ihe coding sequence or of a drug resistance gene. 
The cells may then be lethally irradiated (if desired) and injected or implanted into the 

30 patient 
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Methods of Miibiting Expression of MUCl or a Tomor Progressor in a Cell 

Also included in the invention are me(iiods of inhibiting e3q>iessiou of MUC 1 
and/or a tumor progressor in cells. Hie method involves introdticing into a cell (a) an 
antiseose oUgomiclsotlde or (b) a nucleic add comprising a txanscriptional regulatory 
alement (TRB) opeiably linked to a nucleic sequence that is tiaoscribed in the cell into an 
antisense ENA oligonucleolide. Prior to introduction of an autieense oligonucleotide into a 
cell, tbe cell (or aao&er c^cer cell from the subj ect fixjm which the cell to be treated was 
obtained) eau optionally be tested for expression of MUCl as described alwve. 

The antisease oligonucleotide and the antisense JEINA hybridize to a MUCl or a 
tumor progressor transcript and have the effect in the cell of inhibiting expression of 
MUCl or a tumor progressor in the cell. Inhibiting expression of MUCl or a tumor 
progressor in a cell can inhibit proliferation and/or enhance adheaioii of tlie cell to 
neighboring cells. The method can thus be useful in inhibiting prolifeiation of a cancer 
cell and/or metastasis of a cancer cell and can dms be applied to the tiierapy of cancer. 

Antisense compounds are generally used to interfere mth. protein expression cither 
by, for ecsampic, interfering directly with translation of a target mllNA molecule, by 
RNAse-H-mediated degradation of tlie tatget mENA, by interference with 5' capping of 
mRNA, by prevention of translation factor binding to the target mRNA by maslcing of the 
5' cap, or by inhibiting of mRNA polyadsnylation. The interference with protein 
eacpression arises from flie hybridization of the antisraiae compound with its target mENA, 
A spediic targeting site on a target mRNA of interest fbr interaction with a antisense 
compound is chosen. Thi^, for example, fbr niodulation of polyadenylation a preferred 
target site on an mRNA target is a polyadenylation signal or a polyadenylation site. For 
dhniniahing mRNA stability or degradation, destabilizing sequences are preferred target 
sites. Once one or more target sites have been identified, oligonucleotides are chosen 
•which are sufBcientiy complementary to the target site (i.e., hybridize sufficiently well 
under physiological conditions and with sufficient specificity) to give tlie desired effect. 

With respect to this invention, the term "oligonucleotide" refers to an oligomer or 
polymer of RNA, DNA, or a mimetic of dther. The term includes oligonucleotides 
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composed of naturally-occurring nucleobases, sugars, and covalent intemiicleodde 
(backbone) Uakages, ThenoraiallinkageorbaokbonsofiUSrAandDNAisaS'toS' 
phosphodiester bond. The term, also refers however to oligonucleotides composed entirely 
of, or having portions coutaining, non-naturally occutrii^g conqjonentB which function in a 
5 siimlar manner to the oligoniicleotideB containing only naturally-ooonning con^onmts. 
Such modified substituted oUgomicIeotides are often prefetred over native forms because 
of desirable properties such as, for eacample, enhanced cellular uptake, enhanced afSnity 
for target sequence, and increased stability in the pones^nce of nnclMses, In the mimetics, 
the cole base (pyrimidine or pmine) sfaucture is generally piesearved but (1) the sugars are 

1 0 either modified or replaced wth other components md/oi (2) the inter-nucleobase linlfages 
are modified. One class of nucleic acid mimetic that has proven to be very useful is 
referred to as protein nucleic acid (PNA). In PNA molecules the sugar backbone is 
replaced with an araide-oontaining baddMnCj in particular an aminoethylglycine backbone. 
The bases axe retained and are bound directly to flie aza nitrogen atoms of the amide 

15 portion of tlie backbone. PNA and other mimetics useful in fee instant invenfion are 
described in detail in U-S. Patent No. 6,210,289. 

The antisense oligomerB to be used ha the methods of the invention generally 
comprise about 8 to about 100 (e.g., about 14 to about 80 or about 14 to about 35) 
nucleobases (or nxuleosides where the nucleobases are natorally oocuiring) . 

20 The antisense oligonucleotides can themselves be introdnced into a cell or an 

expression vector containing a micleic sequence (opeaiafaly linked to a TKE) encoding the 
antisense oligonucleotide can be introduced into the celL In the latter case, Uie 
oligonucleotide produced by the expression vector is an RNA oligonucleotide and the 
RNA oligonucleotide will be coniposed entirely of naturally occmring components. 

25 The methods oftheuiveaition can be iHvi/ro or ira vivo. /« vz/r<? applications of flie 

mediods can be useful, for example, m basic scientific studies on cell proliferation ov cell 
adhesion. In such in vitro methods, s5)propriate cells (eg., those expressmg MUCl and/or 
a tumor piogressor), can be incubated for various lengths of time with (a) the antisense 
oligonucleotides or (b) expression vectors containing nucldc add sequences encoding the 

30 antisesnse oligonucleotides at a variety of concentrations. Other inciibation conditions 
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known to those in art (eg., tanperature or cell concentration) can also be varied. 
Miibition of MlTCl or tumor progressor expression can be tested by metfiods known to 
those in tha art, e.g., mdfaods sack as those disclosed hierdn. However, fiie methods of fho 
mvention will preferably be m vivo. 

5 The antiseiise meliiDds are generally useful far cancer cell (p.g^ breast cancer cell) 

p3^ifeta1ion-mhibiting and/or mestastasis-infaibiting flierapy. They can be administered to 
mammalian subjects (e,g., human breast cancer patients) alone or in coiTjimction with othra: 
drags and/or radiother^y. Prior to admimstmtion of an antisense oligonncleotide to a 
subject with cancer, the cancer can be tested ft>r MUCl expression as described above, 

10 Doses, formulations, routes of administration, vectors, and targeting are as described for in 
vivo approaches to inhibiting the biading of MUCl to p-oatenin in a cell. Naturally, the 
antiBense oiigonucleotides and eatpression vectors containing nucleic acid sequences 
encoding the antiseose oligonucleotides will preferably be targeted to cells whose 
' prohferatiou it is desired to inhibit. 

15 The antisense methods of the inveaition can be applied to a wide range of species, 

e.g., humans, non-human primates, horses, cattle, pigs, sheep, goats, dogs, cats, rabbits, 
guinea pigs, testers, rats, and mice. 

The invention ako includes both in vivo and in vitro methods of inhibiting 
expression of MtJCl thM involve the use of compounds Opre^ferably molecules) that 

20 inhibit transcriptioda of the MUCl gene or kausiation of MUCl mRNA by non-antisense 
mechamsms. In such methods, the inhibitory compounds are eiflier- contacted in vitj-o with 
any of the cells disclosed herdn or are administered to any of the subjects and by any of 
the doses and routes disclosed herein. Subjects will preferably be those with cancer, e.g^ 
human cancer patients. While the invention is not limited by any partictilar mechanism of 

25 action, such compounds can be those lhat act by either inhibiting the binding and/or the 
activity of transcription factors or by altering the stability of MUCl mRNA, 
The invention is illustrated, not limited, by tiie following examples. 
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EXAMPLES 
Eitamplel. Materials and Methods 

Cell culture. Huirum. ZR-75-1 breast oaroincana cells were grown in RPMI 1640 
medium contairang 10% heat-niactivatied fetal Covins seram (HI-FBS), 100 ng/ml 
sfeeptCKmycin, 100 unitsAnl penicillin and 2 mM L-glutamine. 293 cells and HCTl 16 colon 
carcinoma cells were cultured in Dulbecco's modified Eagle's medium PMEM) with 1 0% 
HI-EBS, 100 figitol streptomycin, and 100 nnits/ml penicillin. 

in certain studies, cells were cultured in medium with 0. 1 % HI-EBS for 24 h and 
then stimulated with 10 ng/ml EGF (CaBjiochem-Novabiochem, San Diego, CA) for 5 min 
at37«»a 

Lysate preparation. SubconQueait cells were (Hsmpted on ice in lysis buffer (50 
mM Tri^-HCa, pH 7.6, 150 mMNaCl, 0.1% NP-40. 10 mg/ml let5)eptin, 10 mg/ml 
aprotinin, 1 mMpheiiylmethy^ulfonyl fluoride and 1 mM ditbiothredtol) &r 30 min. 
Lysates Tvere cleared by cenlrifbgation at 14,000xg for 20 nrirL 

Immuaopreccpitation and inammobloting. Equal amounts of protein from cell 
lysates were incubated with normal mouse or rabbit IgG, monoclonal antibody (roAb) DP3 
specific for the MUCl glycoprotein (anti-MUCl), antibody specific for the c-Src protein 
(antL-o-Src ) (Upstate Biotechnology, Lake Placid, NY), antibody specific for EGF-R (anti- 
EQF-R.) (Santa Cruz Biotechnology, Santa Cruz, CA), antibody specific for E-cadherin 
(anti-E-cadherin) (Santa Cmz Biotechnology), or antibody specific for PKCS (anti-PKC5) 
(Santa Cruz Biotechnology), for 2 h at 4''C. The immune complesxes were precipitated 
with protein G agarose. After washing three times with lysis buflfer, the 
immnnoprecipitates were separated by sodium dodecyl sulfate (SDS)-|K>lyaciylamide gel 
electrophoresis (PAGE) and transferred \a nitrocellulose membranes. The immunoblots 
were probed with 500 ng/ini anti-MUCl, 1 mg/ml arrti-c-Src anti-EGF-R, antibody specific 
forphospho-tyrosine residues (anti-P-Tj^; RC20H; Transduction Laboratories, San Diego, 
CA) or antibody specific fss fi-calenin (aoti-fi-catenin; Zymed Laboratraies, Inc., San 
Francisco, CA). Binding of these antibodies was detected with horseradisihperoxidase- 
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conjugated aecotidaiy antibodies aad cheauluniinesDence (New Life Sdeoces Products, 
Laa, Boston, MA). 

In otha- studies, lysates of ZR-75-1 cells were subjected to inimunoprecipitatioa 
wife eiliier anti-MUCl or antibody specific for pl20 (aiiti-pl20; ^ftansdiwtion 
Laboratories). Mouse IgG was used as a control. Lnmrnioprecipitates anducprecipitated 
fysates were analyzed by immunoblotting with anti-pl20 or anti-MUCl. 

FreparaUon ofMUCJ rniHants. The MUC1/CD(Y46F) and MUC1(Y4(SF) mutants 
were genarated using site-directed mutageiaesis by changing Tyi-46 of a fiagment of 
MUCl composed oftheMUCl cytoplasmic domain of wild-type MUCl (MUCl/CD) and 
fidl-Iengtli ^s41d-type MUCl, respectively, to Phe. Other nautant materials referred to 
below were generated similaily by standard pixtcedures. 

In vitro phosphorylation. Purified wild-type and mutant MUCl/CD proteins ware 
incubated with 1.5 units purified c-Src polypeptide (Oncogene Research Products, 
Cambridge, MA), 0.1 unit of purified EGF-R (Calbiochjem-Novabiochcm Co., Sati Diego, 
CA), or 1 .0 unit purified PKCS (Pan Vera) in 20 \il Idnase buffer (20 mM Ttis-HCl, pH 
7.6, 10 mM MgClj, 5 mM dilfaiothreitol). The reaotian was initiated by addition of 10 |xCi 
[7-^¥]ATP. AfteJ incubaticai for 15 min at 30°C, the reaction was stopped by addition of 
saoqjle buffer and boiling for 5 min. Phosphorylated proteins were separated by SDS- 
PAGE and analyzed by autoradiography. 

Binding studies. Purified wlld-lype and mutant MUCI/CD proteins wei-c incubated 
wilii 1 .5 units «>Src in the presence or absence of 200 mM ATP for 30 min at 30°C. 
Glutathione S-teansferase (GST), GST flised to o-Src (GST-o-Src), GST fused to the SH3 
domaiti of c-Src (GST-Src-SHS), GST ftised to a mutated form of c-Stc SH3 in which 
amino acids 90-92 are deleted (GST-Src'SH3De90/92) [SWue et al. (1995) J, Biol. Chera. 
270: 1049S-10502] (provided by Dr. J. Brugge, Harvard Medical School), GST &sed to 
the SH2 domain of c-Src (GST-Src-SH2), or GST fused to (3-catenin (GST-P-catenin) was 
bound to glutathione beads. The beads were then added to the phosphorylation reaction 
mixture (described above) which was incubated for 1 h at 4°C. After washing, the 
proteins were subjected to SDS-PAGE and immunoblot analysis witti antibody specific for 
the CD of MUCl (anti-MUCl/CD) or anti-P-Tyr. In other studies, GST fiised to the CD 
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of MUCl (GST-MUCl/CD) bound to glutatbione beads was incBbafed wifli L5 units (v-Src 
in the presence and absmce of 200 |iM ATP for 30 nun at 30°C befinre adding 0, 1 mg 
purified QSK3p (New England Biolabs) and iuciibating for anadditumal 1 k Precipitated 
proteins wei'e analyzed by iminunoblottiiig wifii antibocfy spedfio for GSK3P (and- 
5 GSK3P). 

La otiiea: studies, QST, GST-MUCl/CD or QST-MUCl/CD mutaifls bound to 
. glutathione beads -were incubated with puriSed recombinant PKC6 (PanVera, Madison, 
WI). The adsorbates were analyzed by immunobbtting with anti-PKCd. )h addition, 
purified His-tagged wild-type and mutant MUCl/CD proteins were incubatsd witli 1 .0 unit . 
10 of PICC5 (Calbiocsheixi-Novabioahem) in. flie absence and presence of 200 uM ATP for 30 
mill at 30 'C. GST or GST-JS-catenin bound to glutafiiione beads was tlien added, and the 
reaction was inccftiated for 1 h at A°C, The precipit^ed proteins were subjected to 
jmnnmoblot analysis willi anti-MUCl/CD (antibody specific for the CD of MUCl). 

Transient trcmsfection studies. ZR-75-1 or 5^3 cdls were transiently transfcctcd 
15 with the pCMVesqjressiott vector without an expre^ibleinsaljpGMV containing a 
MUCl encoding nucleotide sequence (pCMV-MUCl) or pCMV containing a c-Src 
eaoodiug nucleotide sequence ^CMV-c-Src) (provided by Dr. R. Rickles, ARIAD 
Pbannaoeutioals, Inc., Cambridge, MA) usir^ electroporation methods. EfBciamcy of 
transieut transfections ranged fiom 40-50% for ZR-75-1 cells and 70-80% for 293 ceils. 
20 Cell lysates were prepared at 48 h after transfection. 

MUC-I tion-ezpressing 293 cells or MDA-MB-23 1 cells were transfected with 
expression vectors containing either no expressible insert (jpCMV), a cDNA sequence 
encoding MUCl (pCMV-MUCI), a cDNA sequence encoding MUCl with its CD deleted 
pCMV-MUCl/dCD) or a cDNA sequence encoding pl20 (pCMV-pl20). The cells were 
25 harvested 48 h after transfection and lysates were prepared from them. 

Full-length wild-type MUCl containing 40 tandem repeats was excised from 
pCMV-MUCI [Li et al. (2001) J. Biol. Chem. 276:6061-6064] by Ndel andEcoRI 
digestion and integrated into the Ndel/EcoKI site of the luauimalian expression vector 
■ pIRESpuro2(Clontech. Palo Alto, CA). The plElESpuro2-MUC10f46F) mutant vector 
30 was construotadby insertion of 3'-terminal region fixwnpCMV-MUCl{Y46F) [Li et al, 
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(2001) J. Biol. Chem. 276:6061-6064] into piRESpi!ro2-MUCl deleted at fhe 3'-teamij)al 
region of 1V3UC1 by Bsa36L Thus, the insert mpIRESpiiro2-MUCl (Y4SF) encoded MI- 
leogfliMUCl witii the tyiosme residue at position 46 of the MUC-1 CD mutated to 
pheaylalanine. 

An expresision vector (pIRESpiiio2-MUC 1 -0141 A)) containing a cDNA sequence 
encoding MUCl with tbreonine atpoeitioa 41 of the CD mutated to an alanine residue was 
produced, Expression vectors were also generated by cloning into the pEQFP-C 1 piasmid 
cDNA sequences eaicoding (a) wild-type PKC5 (pEGFP-PKCS) or (b) PKCS with the 
fysine residue at position 378 mutated to an axginine residue (pEEP-EK.C6(K378R). 

293 cells or HCTl 1 6 cells were transiently or stably transfected with 
pcDNA3.1/EGF-R (containing a cDNA insert encoding EGP-R) pIRESprao2-MUCl, 
pIRESpuro2-MUClCV46F),prRESpuio2-MUCl(T41A), pEGFP-PKCS and/or pEGFP- 
PKCS (K378K.) by lipofectamine (Life Technologies Inc., Rockville, MD). Cell lysates 
were prepared 48 h. after transfection. Transfection efficiency ranged from 70-80% for 293 
cells and 60-70% for HCTlie cells. 

Stable transfectants were selected in the presence of 0.4 mg/ml of puromycin 
(CaHaochem-Novabiocheni Co, San Diego, CA). 

Immunofluorescence microscopy. ZR.-75-1 cells were fixed with 4% 
parafbmjaJdehyde &r 10 min at room tempiaature (RT) and blocJsjed with phosphate 
buffered saline (PBS) containing 5% fetty acid free BSA (Sigma, St. Louis. MO) and 5% 
noinial goat senm (Jackson hnmunoreseai'ch Laboratories Inc., Westgrove, PA) (blocking 
buffer) for 45 min at room temperature. ASbsx incubation with antt-MCCl (1:400) and 
rabbit anti-EGF-R (1 ; 100) in blocking buffer for 1 4 h at 40C, the cells were washed with 
PBS and mcubated with fluorescean-conjugated anti-rabbit IgG (1:100) or Texas Red- 
conjugated anti-mouse IgG antibody (1:200) (Jackson Itmnunoiesearch Laboratories Inc., 
Westgrove, PA) for 45 min at room temperature. The cells were then mounted onto glass 
cover slips using fhe slow-fede mountmg kit (Molecular Probes, Eugene, OR) and 
analyzed by confocal microscopy (inveried Zeiss LSM 510). Images were captured at 0.6 
nm increments along the Z axis under 63x magnification and converted to composite 
images by ImageSpace 3.10 software (Molecular Dynamics, Sunnyvale, CA). 
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BxflmplB2. MUCl Binds to c-Sr& 
To deteonine wbether MUCl foims a complex with o-Sro, anti-MUCl 
immunoprecipitates from iysates of human ZR-75-1 cells were analyzed by 
6 immunoblottingwifhaiiti-c-Src. The resiitts demonstrate that c^rccopredpitates with 
MUCl (Fig. lA, left panel). Jhthsrecipiocd experiment, analysis ofanti-o-Src 
immunoprecipitates by immunoblottmg with anti-MUCi coiifiimed the association of 
MUCl and c-Stc {Fig. lA, right panel). To assess whether the bindir^ is direct, purified 
hestahistidine tagged MUCl cytoplasmic domain (His-MUCl/CD) was incubated with a 

10 GST fusion proteui that contains the c-Src SH3 domain. Analysis of flie adsorbate to 
glutalMone beads by immunoblotting with aoti-MUCl/CD demonstrated binding of 
MUCl/CD to GST-Src SH3, and not GST or a GST-Src 3112 fusion protein (Fig. IB). As 
an additional control, His-MUCl/CD was incubated with a GST fusion protein containing 
a mutated c^rc SH3 domain (GST-Src SH3De90/92). .The finding that MUCl/CD binds 

ia to wild-type c-Src SH3, but not the miitant, supported a direct interaction between MUCl 
ajadc-Sic(Hg. IC). 

Example 3. c-Src Phosphorylates t!ie Cytoplasaiic Domain of MUCl 
To detennine whetlier MUCl/CD is a substi-ate for c-Src, MUCl/CD was 

20 incubated with purified c-Src and [-y-^^PlATP. Analysis of the reaction products by SDS- 
PAGE and autoradiography demonstrated c-Src-mediated phosphorylation of MUCl/CD 
(Fig. 2A). Previous studies Imve demonstrated tiiat GSK3ji phosphorylates MUCl/CD on 
Ser at a DRSPYEKV site (SEQ ID N0:12) [Li et al. (1998) Mol. Cell. Biol. 18: 7216- 
7224]. As the YBKV (SEQ ID NO:l 1) sequence represents a consensus for c-Src 

26 phosphorylation, MUCl/CD was generated wia a EE£V (SEQ ID N0:14) mutation (i.e., 
a Y to F mutation at the first amino add of the YEKV sequence) mutation (Fig. 2B). 
Incubation of MUC1/CD(Y4€F) with c-Src demonstrated a decrease in phosphorylation as 
compared to that found with wild-type MUCl/CD (Fig, 2C). Tliosc findings indicate that 
c-Src phosphorylates the YEKV site as well as other sites in MUCl/CD. As the c-Src SH2 
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domain interacts with a prefened pYEEI sequence [Songyang al. (1993) Cell 72: 767- 
778], c-Src-mediatedphDS5ihoiylation of YEKV in MUCl/CD provides apotentid site for 
o-Sic SH2 binding. To detennine whether the c-Src SH2 domaitt binds to phosphorylated 
MLrCJ/CD> MUCl/CD was incubated with c-Src and ATP and then assessed binding to 
6 GBT-Sic SH2. The results demonstrate that GST-Sic SH2 assodates wilh phosphorylated, 
but not imphospfaorylaiBd, MUCIAIID (Fig. 2D). Moreover, compared to MLTCl/CD, there 
was substantially less binding of GST-Src SH2 to the MUC1/CD(Y46F) mutant 1hat had 
beeai incubated -wSh oSrc and ATP (Fig. 2D). These results si^ort c-Sro-raediated 
phosphorylation of MOCl/CD and thereby a direct interactioB, of phosphorylated 
10 MUCl/CD with the c-Src SH2 domain. 

Example 4. lateraotion of c-Sro with MUCI T niiihtte -Rin^ na of GSK3B to MUCl 
As the c-Src phosphorylation site on MUCl/CD resides next to the bmding and 
phosphorylation site for GSK3p [Li et al. (1998) MoL Cell. Biol. 18: 7216-7224] an 
• 15 experiment was performed to test whether the interaction of MUCl/CD with c-Src affects 
that with GSIOp. GST-MUCl/CD was incubated with c-Src and ATP before addition of 
GSK3p. Analysis of proteins precipitated with glntathione-beads demonstrated that c-Sro- 
■ mediated phosphorylation of I\'IUC1/CD is associated with a decrease in binding of 
MUCl/CD and GSK3fi (Fig. 3A). To assess tlie eflfects of o-Src on the interaction of 
20 MUCl/CD and GSK3p in vivo, ZR-75.1 cells were transfected to express the empty vector 
or c-Src. Anti-MUCl immunoprecipitates were analyzed by immunoblotting with anti- 
GSKSp. The results demonstrate that c-Src decreases the interaction of MUCl and GSK3P 
I'fi vivo (Fig. 3B). These findmgs mdicate that GSKSp mteracts wifhMUCl/CD by a c- 
Src-dependent mechanism. 

Example 5. Phosphorylation of MUCl Cytoplasmic Domain by c-Src Increases 
Bmdmg of B-catenin to MUCl 
Phosphorylation of MUCl by GSK3p decreases binding of MUCl to P-catenin in 
vitro and in cells pLi et al. (1998) Mol. Cell Biol. 18: 7216-7224], To deterniine if c-Src- 
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mediated phosphorylation of LdUCl afiects fee interaction of MUCl with p-catenin, 
MUCl/CD was incubated wifli c-Src and ATP. Phosphcwylated and onphosphoiylated 
MUCl/GD wei© flj^ inoubated with GST or GST-p-catedn. Similar studies were 
per&rmed with the MUCl/CD(y46lO mutant. Analysis of proteins boiind to glutathione 
6 beads by immunoblotting with anti-MUCl/CD deraonsfrated that o-Src-mediated 
phosphorylation of MUCl/CD increases binding of MUCl/CD to GST-p-oatenin (Fig, 
4A), By oootrast, there was no detectable binding of phosphoiylatcd or-UEphosphorykted 
MUCl/CD to GST (Fig 4A). Studies performed with MUC1/CD(Y46F) demonstrated that 
c-Src-dependent phosphorylation of the YEKV site on MUCl/CD is necessary for the 

10 formation of MUCl/CD-p-oatenin complexes (Fig, 4A). To assess whether- c-Src affects 
the interaction of MUCl and IS-catenin in vivo, MUCl-positive ZR-75-1 oeUs were 
transfected wifhpCMV or pCMV-c-Src. Anti-MUCl immunoiprecipitatGS prepared Scorn. 
the transfected cells were subjected to iramuaoblot analyst with anti-c-Src, anti-P-Tyr 
(antibody specific for phosphotyrosine residues) and £Hiti-|3-cateniii. The results 

1 5 demonstrate lhat o-Src associates witli MUCl in cells and induces tjrosine 

phosphorylation of MUC 1 (Fig. 4B). In addition, c-Sro expression induced the interaction 
of MUCl and p-catenin (Fig. 4B). To eadend these findings, MUCl-negattve 293 cells [Li 
et al. (1998) Mol. Cell, Biol. 18: 7216-7224] were transfected to express MUCl or 
MUC1(Y4€F) in which the CD YEKV site (SEQ ID N0:1 1 ) has been mutated to KEKV 

20 (SEQ ED N0:14). While there was no apparent binding of MUCl to endogenous c-Src, 
cotransfection of MUCl and c-Sic was associated with detectable MUCl -c-Sic complexes. 
CotransfecticBi of MUCl and c~Src was also associated with increased tyrosine 
phosphorylation of MUCl and binding of MUCl and o-Src (Fig. 4C). By contrast, 
cotransfection of MUC1(Y46F) and c-Src resulted in little binding of c-Src to 

26 MUC1(Y46F) CFig. 4C). Moreover, there was little if any tyrosuie phosphorylation of 
MUC1(Y4SF) (Fig. 4C). Importanay, cotransfection ofMUCI, but not MUC1(Y4(5F), 
with c-Src induced the bindbg of MUCl and ji-catenin (Fig. 4C). These findings 
demonstrate that c-Src-mediated phosphorylation of the MUCl YEKV site increases the 
intearaotion of MUCl and p-catenin in cells. 
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Example 6. pl20 Binds to the Cytoplasmic Domain of MUCl 
To determine whdiher MUCl associates -with pi 20, atiti-MU'Cl 
iimmmoprecipitates fixan ZK.-75-1 cells were subjected to inmtunoblot analysis with anti- 
pI20. The readts demonstrate that pl20coprecipitates with MUCl (Fig. 5A). By 
5 contrast, there was no detectable pl20 in the control iimmmoprecipitates prepared with 
mouse IgG (Fig. 5A). In the reciprocal experiment, analysis of anti-pl20 
immnnoprecipitates by immimoblotting with anti-MUCl confiimied the assooiatictti of 
MUCl and pl20 (Fig. 5B). These findmgs supported an interaction of the MUCl 
tranismerabrane protein and pl20. 

10 To further define liie interaction between MUCl and pl20, MUCl-negative 293 

cells [Li et al. (1998): Mol. Coll. Biol., 18, 7216-7224.] were transfected with vectors 
esspressing MUCl or MUCl with its cytoplasmic domain deleted (MUCl/dCD) (Big. 5A). 
immunoblot analysis of anti-MUCl immunoprecipitatea with anti-pl20 deinoi^trated 
copredpitation of MUCl and pl20 (IFig. 6B). By contrast, Uiere was no detectable 

16 association of pl20 and MUCl/dCD (Fig. 6B). These findings indicated that pl20 
interacts with the MUCI/CD. To detemine whetha: the association is direct, purified 
MUCl/CD was incubated with GST or a GST-pl20 fusion protem. The adsorbates were 
■ analyzed by jmmunoblottiog with anti-MUCl . The demonstration ■ftiat MUCl/CD binds to 
GST-pl20 and not to GST supported a direct intei'action (Fig. 6C), 

20 To identify the site in MUCl/CD that binds to pi 20, full-length MUCl/CD and tlie 

N- and C-terminal fragments (Fig. 7A) were incubated with purified GST-pl20. 
Precipitation with glutathione beads and analysis of the precipitates by immimoblotting 
with anti-MUCl/CD demonstrated binding of pl20 to full-length MUCl/CD and both 
firagmesttts (Fig. 7B). These results suggested that pl20 binds to a site in the region 

25 conxtnon to the N- and C-traminal fiagments. To fitrther localize the site, two peptides 
. fiom the overlq)pingi'egioh were prepared. Incubation of the peptides with MUCl/CD 
and GST-pl20 demonstrated that MSEYPTYHTH, but not GRYVPPSSTDR (SEQ ID 
NO;S), inhibits the fomiation of MUCl-pl20 completes (Fig. 7C). These findings 
indicate that pl20 interacts with the MSEVPTYHIH site (SEQ IDN0;7) in MUCL 
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Example 7. MUCl Expressioa Results in Mcreased Levela of 3SIuclear pl2Q 
To assess the fimcttonaJ sigirificance of the iMUCl-pl20 interaction, MUCl- 
negative 293 cells were transfepted to ejcpress MUCl and thew assayed for distributioa of 
pI20 in the cjdoplasm and raiclens. The results demonstiate 1ijat e3q)ression of MUCl has 
5 little if any effect on pl20 levels in the csytoplasmic ftactton (Fig. 8). By contrast, MUCl 
espression was associated with increased levels of pl20 in the nucleus (Fig, 8A).. 
Compared to aotin (as a control), nacleBrpl20 was increased nsaily 5-fbld by expression 
of MUCl in 293 cells. To exteaid these findings, MUCl-negative MDA-MB-23 1 breast 
cancer cells were tiansfected to expiess MUC 1 . Inmnmoblot analysis demonstrated that 
10 MUCl has no apparent effect on ecspression of pl20 in the cytoplasm, but increases 
nuclearpl20 levels by over 3-fold (Fig. SB). Similar results were obtained in three 
separate expeiiments. These findings demonstrate that MUCl regulates the nuclear 
esxpressionofpl20. 

Example 8. MUCl Associates with EGF-R 
15 To determine whether MUCl forms a complex with EGF-R, anti-MUCl 

immimoprecipitates fi:om lysates of human ZR-75- 1 cells were analyzed by 
rmnimoblotling with anti-EGF-R, The results demonstrate that EGF-R coprecipitates with 
MUCl (Fig. 9A). There was no detectable EGF-R in immunopredpitates prepared witli 
control IgG (Fig. 9A). In the reciprocal experiment, analysis of anti-EGF-R 
20 immunopreoipitatcs with anti-MUCl confirmed that EGF-R associates with MUCl (Fig. 
9B). To extend diese findings, 293 cells, wliich express low levels of EGF-R and do not 
express MUCl [Li et al. (1998) Mol. Cell. Biol. 18:7216-7224] were transacted to e3q)ress 
EGF-R and MUCl . Lnmunoblot analysis with anti-EGF-R of anti-MUCl 
immunoprecipitates demonstrated coprecipitation of EGF-R with MUCl (Fig. 9C). 
25 Similar results were obtained when anti-EGF-R immunoprecipitates were analyzed by 
imraunoblottinig with anti-MUCl (Fig. 9D). These findings demonstrate that MUCl 
constitutively associates with EGF-R. 
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Example 9. ColocalizatiQii of BGF-R and MUCl to the Cell Membrane 
To assess the subcelluiar. localization of MUCl and EGF-R, confbcal microscopy 
was performed wifh ZR-75-1 cells stained witti rabbit anti-EGF-R and mouse anti-MUCl 
antibodies. In control ZR-75- 1 cells, BGF-R was distributed Biufonnly over the cell 
5 membrane (Fig. lOA, left). Sirftilar findings were obtained for the distribution of MUCl 
(Fig. lOA, middle). Overlay of tfas BGF-R. (red) and MUCl (green) signals supported 
colocalization (red+green->yelkfw) (Fig. lOA, right). Following EGF stimulation, the 
EGcF-R was found to be clustered in patches at the cell membrane (Fig. lOB, left). An 
identical pattern was observed for MUCl (Fig. lOB, middle). Moreover, overlay of the 
10 signals showed that EGF-R atid MUCl colocalize in clusters at the cell memba'ane (Fig, 
108, right). Analysis of the control and EGF-stimulated cells by coimraunoprecipitation 
stmlies demonstrated no detectable difference in the association between EGF-R and 
MUCl (data not shown). These findings and those obtained in coprecipitation studies 
demonstrate that MUCl aad EGEF-R asBOciate constitatively at the cell membrane. 

16 

Exam ple 10. EGF-R Phosphorylates MUCl in vitro and in \'ivo 
To determme whether EGF-R phosphorylates MUCl, anti-MUCl 
inranraoprecipitates from control and EGF-stimulated ZR-75-1 cells were analyzed by 
Lnomunoblotting with anti-P-Tyr. The results demonstrate a detectable level of tyrosine 

20 phosphorylated MUCl in control cells (Fig. 1 1 A). Moreover, EGF stimulation was 
associated with an increase in phosphorylation of MUCl on tyrosine (Fig. 1 1 A). EGF- 
induced tyrosine phosphorylation of MUCl was also observed in 293 cells transfected to 
express EGF-R and MUCl (Fig. 1 IB). The 72 ammo acid MUCl cytoplasmic domain 
(MUCl/CD) contains 7 tyrosines (see schema in Fig. I2D). To define poteiutia] sites of 

25 EGF-R pho sphorylation, a MUCl cytoplasmic domain fragm^ (MUCl/CD) was 

inculraJed with EGF-R and [7-32p]ATP. Analysis of the reaction products demonstrated 
that EGF-R phosphorylates MUCl/CD (Fig. 1 IC). Mutation of Uic Y8 site of MUCl/CD 
to F had no detectable effect on EGF-R-mediated phosphojylation of MUCl/CD (Fig. 
11 C). There was also no apparent effect on phosphorylation when the Y20, or Y35 sit^, 

30 were mutated to F (Fig. 11 C). By contrast, incubation of MUC1/CD(Y46F) with EGF-R 
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was associated with a ma±6d decr^se in phospboiyktioa as compared to tiiat found Vfifh 
wild-type MUCl/CD (Fig. llC); Mutation of Y26afeoiesiulte(i in decreased 
piiosphoiylation, but to a lesser extent than ftiat obtained with Y46F (Fig. H C). To 
detEamine whethei- the Y46 site is piiosphoiylafed in cells, human HCT116 cells, which 
5 express EGF-R and not MUCl, were stably tranisfected to express the empty vector, wild- 
type MUCl or theMUCl(Y46F) mutant. Analysis of anti-MUCl immunoprecipitates 
with anti-P-Tyr demoiistrated that EGF-mediated phosphorylation of MLrCl(Y46iO is 
decreased compared that obtained with wild-type MUCl (Fig, IID). These findings 
demonstrate that EOf-R phosphoiylates MUC 1 on Y46 in vitro and in cells. 

10 

Example 11. BGF-RRegtdatBS Intei^otion of MUCl with c^rc and 6-caterun 
To detennine whether E(3aF-R-mediated phosphorylaticai regulates the interaction 
of MUCl with c-Src and 6-catenin, MUCl/CD was incubated with EGF-R and ATP and 
then binding to GST-Src SH2 and GST-B-cateniii was asseseed. immunoblot analysis of 

1 5 adsorbates to ghitalhione beads with and-MUCl/CD showed that GST-Sio SH2 binds to 
MUCl/CD EGF-R after phosphorylation (Fig. 12A). In addition, con^ared to MUCl/CD, 
there was siibstantiaUy less binding of GST-Src SH2 to the MUC1/CD(Y46F) mutant tliat 
had been incubated with EGF-R and ATP (Fig. 12A). Similar findings were obtairued for 
binding of GST- J3-oatemn (Fig. 12A). To assess whetiier EGF-R-mediated 

20 phosphorylation of MUCl induces binding of MUCl to c-Src and 6-catenin in cells, anti- 
MUCl immunoprecipitates fixim ZR-75-1 cells were analyzed by immunobiotting with 
anti"C-Src or anti- JJ^ateiiin. Analysis of lysates from control ZR.-75-1 cells demonstrated 
a low but detedable interaction of MUCl with c-Src aaid B-catenin (Fig. 12B). In concert 
with the in vitro results, stimulation of ZR-75-1 cells wi& EGF induced the interaction of 

25 MUCl with c-Sic and B-catcnin (Fig. 12B). To confirm inVohreanent of the MUCl Y46 
site, HCTl 1 6 cells stably expressing wild-type MUCl or MUC1(Y46F) were stunulated 
with. EGF. Immunobtot analysis of anti-MUCl immunoprecipitates with anti-c-Src 
demonstrated that, compared to wild-type MUCl, there was less EGF-induced binding of 
MUC1(Y46F) to c-Src (Fig. 120). Similar findings were obtained for B-catenin (Fig. 
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12Q. These results show that BGF-R-naediated phosphoiylafiDn of MUCl Y46 induces 
the interaction of IvHJCl twiIJi c-Sic and B-eatenin. 

Example 12. MUCI Binds Directly to PKC5 
6 To determine whether MUCl associates with PKC5, Ijreates fix)m human ZR-75- 1 

cells were subjected to immunoimmmiopredpitation with anti-MUCl and, as a control, 
nooiallgG. tamimobiot analysis oftheinHnimoprecq)itates with anti-PKCS 
demonstrated the preseaicc of MUC1-PKC5 complexes {Fig. 13A, left). In the reciprocal 
experiment, immunoblot analysis of anti-PKC5 immimopBecipitafes with anti-MUCl 

10 confimied that MUCl associates with PKC5 (Fig. 1 3A, right). By conlxast, there was no 
detectable interaction between MUCl and three other protein Idnase C molecnles, i.e., 
PKCpii, PKCti and PKCn- (Fig. 13B). To extend these findings, 293 cells, which do not 
express for MUCl, were transacted to express MUCl or MUCl and PKCS. lomnmoblot 
analysis of anti-MUCl immunoprecipitates with anti-PKC5 demonstrated binding of 

15 MUCl with endograious PKC5 (Fig. 13C). Moreover, coexpression of MUCl and PKC5 
resulted in increased formation of MUC1-PKC5 canq)lexes (Fig. 13C). To assess whether 
binding is direct, GST or a GST fiision protein containing the MUCl CD (GST- 
MUCl/CD) was incubated with recombinant PKCS, Adsorbates to glutathione beads were 
subjected to immmiobkjt an^ysis with anti-PKCS. The finding that PKCS binds to GST- 

20 MUCl/CD and not to GST alone supported a direct interaction (Fig. 13D). 

Example 13. PKCS Phosphorylates Threonine at Position 41 of tlie CD of MUCl . 
To determine vrheOisr MUCl/CD is a substi-ate for PKC6, purified His-MUC 1/CD 
was incabated wifli recombinant PKC5 and [y-^^P]ATP. Analysis of the reaction products 
25 by SDS-PAGE and autoradiography demonstrated phosphorylation of MUCl CD (Fig. 
14A). A STDRS site (SEQ ID N0:9) in MUCl/CD conforms to tie prefenred S/T-X-K/R 
motif for PKC phosphorylation. The T residue in the STDRS sequence is at position 41 in 
the CD of MUCl (i,e„ in SEQ ID N0:1). To detemiine whether STDRS is phosphorylated 
by PKC6, this site in MUCl/CD was mutated to SA41DRS (SEQ. ID N0:15) (Fig. 14B). 
30 PKC8-mediated phosphorylation of MUCl/CDCr41 A) was attenuated compared to that 
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obtained with wildrtype MUCl/CD (Fig. 14B). By craitrast, phosphorylatioii of MUCl by 
PKCS -was unafiected by S to A mutatioiis of eithor or both of tibie flanking serines (Fig. 
14B). Previous studiea have shown that phosphjorylation of the MUCl/CD S44 sits by 
GSK3p decreases tiie interaction between MUCl/CD and p-catenm . To assess the effecfe 
5 of PKC6-mediated phosphoiylation of MUCl/CD, MUCl/CD was incubated with PKC5 
in the presence and absence of ATP. After phosphorylation of MUCl/CD, GST or GST- 
p-K^enin was added to the reaction mixture wliich were further inciibaied for 1 h at 4°C. 
Proteins precipitated wifli glutathione beads were analyzed by innnianobkitting with anti- 
MUCl/CD. MUCl/CD binds to GST-p-catenin and not GST. Preincubation of 

1 0 MUCl/CD with PKCS and ATP was associated a higher level of MUCl/CD binding to 
GST-6-catenin than that obtahied in the absence of PKC5 or ATP (Fig. 14D). By contrast, 
preincubation of MUC1/CD(T4I A) with PKC5 and ATP had no detsotable effect on 
binding of MUCl/CD(T4iA) to JS-catenin (Fig. 14D). These findings demonstrate that 
PKCS phoBphorylates MUCl/CD on T41 and thereby increases binding of MUCl/CD and 

15 fi-catenin. 

Example 14. PKCS Refiulates the Iiiteractioii of MUCl with fi-catenin in Cells 
To determine whether PKC5 regulates the interaction between MUC 1 and B- 
. catenin in cells, transfection studies were performed in MUCl-non-expressing 293 cells. 
After transfection of vectors expressing MUCl and green fluorescent protein (GFP) flised 
20 to PKC6 (GFP-PKCS) orGFP fused to theldnase-iiiactivePKCoCK:378R) mutant (GFP- 
PKC5 (K-R)), lysates were subjected to iinmunoprecipitation with anti-MUCl, 
Irmiiunoblot analysis of the immiuioprecipitates with anti-B-catenin demonstrated that 
PKCS increases the interaction between MUCl and JJ-catenm; this was not seen in cells 
transfected witli GFP-PK:C5(K375E.) encoding gDNA (Fig. 15A). In conceit with these 
25 results, GFP-PKCS had little (if any) effect on binding of J3-catemu to the MUC1(T41A) 
mutant (Fig. 1.5 A). To extend the analysis, MUCl-non-expressing HCTl 16 ceils were 
transfected to atal>ly express a control vector, or wrih wild-tyj3 e MUC 1 - or MUC 1 ('r4 1 A)- 
expressing vectors to create the HCT116V, HCT116/MUC1, and HCTl 16/MUCI {T41A) 
transfected clones, respectively (Fig. 15B}. Anti-MUCl iuimunoprecipitates from 
30 HCT116/V, HCTl 16/MUCl andHCTl 16/MUCl(T4iA) cells were subjected to 
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immunoblotti^ witli anti-B-catenin. These results destjaoiistrate that MUCl, but not 
MUCl(T4iA),bindstaB-catenm(Kg. 15B). 'Wtieailiie56ceDswearetFansfectBdtD6jq>ress 
GFP-PKC5, immunoblot analysis of anti-MUCl immunoprecipdtales wifli anti-finsatenin 
demonstrated that PKC5 indiKes bindbg of fi-cateain to wild-type MUCl and not the 
MUC1(T41A) mutant (Fig. 15B). Tia»sfectioii with an PKCfiCK37SB,)-encoding 
espression vector had no apparent effect on induction of MUCl- IJ-catenin complexes 
{data not shown). These findbgs demonstrate that phosphorylation of MUCl T41 by 
FKCS induces binding of MUCl and fi-catenin. To detemiine vii^Jier e!g)iession of the 
MUC1(T41A) rrnitant affects binding of 6-catenin to E-cadhedn, anti-E-cadherin 
immunoprecipitates were analyzed by immunoblotting with anti-^-catemn. Expression of 
wild-type MUCl was associated with decreased binding of E-cadhedn and B-catenin (Fig. 
15C). By contrast, expression of MUC1{T41A) had less of an effect on Ifie interaction of 
E-cadherin and B-cateninthan did wild-type MUCl (in HCTlie/MUCI cells) (Fig. 15C). 
Sinular results were obtained after transfection of with an expression vector containing a 
nucleic acid sequence encoding GIvP-PKC5 (Fig, 15C). These findings demonstrate that 
PKC5 regulates fee interaction between MUCl and fi-catenin in cells and thereby binding 
of E-cadherin wilh B-cateiiin. 

Example 15. Effects of MUCl onAnchmage-Iindependeait 
Growth are Abro gated by th^B T41 A Mutation. 
To assess the flmctional significance of the interaction between MUCl and PKC5, 
HCTl 16/V, HCT116/MUC1 and HCTl 16MUC1(T41 A) cells were plated for anchorage- 
independent growth in soft agar. The wild-type MUCl tranafectanis formed colonies that 
were substantially larger than those obtained with HCTI 16Af^ cells (Fig. 16A). By 
contrast, expression of MUC1(T41A) was associated with toe fomiation of colonies that 
were similar to those found with control HCTl 1 6/V cells (Fig 1 6A). Similar results were 
obtained with independeutly selected clones of the traiisfected cells (Fig. 16A). The 
number of colonies obtained with HCT 11 6/MUCl cells was also H^er than those found 
foxHCTUSW andHCT116/MUClCT41A) cells (Fig, 16B). These findings demonsti-ate 
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that expression of wild-type MQCl contributes to anchorage-independent growth, and that 
nratatioEa of the PKCS phospharylatimi site in the CD of MUCl afciogates liris effect 

A number of embodimeota of the invention have been described. Nevertheless, it 
will be undeistood that various modifications may be made without departing firom the 
spirit and scope of the invention. Accordingly, ottier embodimeotB are within the scope of 
the following claims. 
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WHAT IS CLAIMED K: 

1. A metbod of ideotiJ^ni^ a conipoijnd. that inhibits binding of MtTCl to a taimor 
progressor, ttie method oonqMising; 

(a) providing a MUCl test agent; 
5 (b) providing a tumor progressor test agent tibat binds to the MUCl test ageat; 

(c) contacting tlie MUCl test agent with the tumor progressor test agent in the 
presence of a test compound; and 

(d) determining wlietber the test compoimd ialiihits binding of tlis MUCl test agent 
to the tumor progressor test agent. 

10 2. The method of claim 1, wherein the tumor progressor test agesnt is a c-Src 

test agent, 

3, The method of claim 1, wherein the tumor progressor test agent is apl20^'" 
test agent. 

4, . The method of claim 1 , wherein the tumor progressor test agent is an 
1 5 epidermal growth fector rec^toi (EGF-R) test agent. 

5, The method of claim 1, whei-ein the tumor progressor test agent is a ]3- 
catenin test agent 

6, The method of claim 1 , wherein the tumor progressor test agent is a protein 
kinase C5 (PKC6) test agent. 

20 7 . The method of claim 1 , wherein the contactii^ is carried out in a cell-fiee 

system. 

8 , The metlxod of claim 1 , wherein the contacting occurs in a cell. 

9. A method of identifying a compound that enhances binding of MUC 1 to 
glycogen synthase kinase 3J3 (GSKSP), file method comprisbg: 

25 (a) providing a MUCl test ageat; 
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(fa) providing a GSK3 p test agent that bmds to the MUCI test agent; 

(c) contacting ilie MUCI test agent with the GSK3p test agent in the presence of a 
test compoiind; and 

(d) detemining whether the test compound eaahances bmding of the MUCI test 
5 agent to the GSK3p test agent. 

10. Aq in vitro method of inhibiting e3q)j:ession of MUCI or a tumor progressor 
m a cell that expresses MUGl, the metliod comprising: (a) identiJfying a cell as esxpressing 
MUCI; and (b) ti-eating the cell in vitro with m antisense oKgpnucIeotide that hybridizes 
to a MCrC 1 tr Einscript or to a tmoor progressor transcript, wherein the antisense 

f 0 oligonucleotide inhibits expression of MUCI or the tumor progressor in the cell. 

1 1 . The method of claim 1 0, wherein Ae tumor progressor is selected from the 
group consisting of p-catenin, c-Src, pl20'*', EGF-R» and PKC5. 

12. The method of claim 10, wherein the cell is a cancer ceil. 

13- Themethodof claim 12, wherein thecancer cell isabi-east cancer cell. 

.15 14. The inethodofclaim 12, wherein tlie cancer cell is selected ikmtlie group 

consisting of a lurtg cancer, colon catuier, pancreatic cancer, renal cancer, stomach cancer, 
liver cancej', bone cancer, hematological cancer, neural tissue cancer, melanoma, ovariaa 
cancer, testicular cancer, prostate cancer, cervical cancer, vaginal cancea:, or bladder cancer 
cell. 

20 15. The method of claim 1 0, wherein the treating step is accomplished by 

introduction into the cell of a nucleic acid compj-ising a transcriptional regulatory element 
(TRE) operably linked to a nucleic acid sequence^ wherein the nucleic add sequence is 
transcribed in the cell into the antisense ohgonucleotide. 

16. The meliiod of claim 15, wharein the TRE is aDF3 enhancer. 

25 17- An zHvrvo method ofinhibiting binding ofMUCl to p-catsnin in a cancer 

cell tliat expresses MUCI, the method comprising: 
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(a) identifying a subject as having a cancer fhat expresses MUCl; and 

(b) administermg to the subject a confound or, where the compouiid is a 
polypeptide, a nucleic acid oon^jrising anucldc acid sequence encoding Ite polypeptide 

■wherein the compound iiiMbits (i) binding of a tumor progressor to its cytoplasmio 
5 domain of MUCl or (ii) phosphorjdation of the cytoplasnrio domain of MUCl by a tmnor 
progreggor, 

1 8 . The method of claim 1 7, wherein the tumor progressor is selected fiom the 
. groiq) coBsisting of p-cateonin, c-Src, EGF-R, and PKC5. 

19. The method of claim 17, wherein the compound is apeptide fragment of 
10 (a) MUCl or Qj) Ihe tumor progressor, 

20. The method of claim 19, wherein the cojnpouttd is apeptide fragment of the 
cytoplasmic domain of MUCl. 

2 1 . The method of claim 20, wherein the peptide fragment oomprises an amino 
acid sequence consisting of SEQ ID N0:7. 

•15 22. The method of claim 2 1 , wherein the amino acid sequence of the peptide 

fragment is SEQ ID NO:7. 

23. Themethodof claim 17, wherein the subject is a human subject. 

24. The method of claim 17, wherein the cancer cell is a breast cancer cell. 

25. The method of claim 17, wherein the cancer cell is selected from the group 
20 consisting of a lung cancer, colon cancer, paucreatic cancer, renal cancer, stomach cancer, 

liver cancer, bone cancer, hematological cancer, neural tissue cancer, melanoma, ovarian 
cancer, testicular cancer, prostate cancer, cervical cancer, vaginal cancer, or bladder cancer 
cell. 
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26. The mefhod of 17, wherein Hue conqxmnd is a polypejitide and fihe treating 
step is accomplished by introduction into ttie cell of amroieic acid coraprisiiig a TRE 
operably linked to a nucldc acid sequence encoding the polypeptide. 

27. The method of claim 26, wherein the TRE i s a DF3 enhancer. 

5 28. A method of identifying a compound that inhibits plio^hoiylation of 

MUCl by a tuinor progressor, (he metliod comprising; 

(a) providing a MUCl test agent; 

(b) providmg a tumor progressor test agent that phosphorylates the MUCl test 

agent; 

10 (c) contacting the MUCl test agent witli the tiiraor progressor test agent in the 

presence of a test compovind; and 

(d) determining whether the test compound inhibits phosphorylatian of the MUCl 
test agent by tlie tumor progressor test agent. 

29. An tn vivo method of inhibiting expression of MUCl or a tomor progressor 
15 in a cancer cell that expresses MUCl, the method comprising: 

(a) identifying a subject as having a cancer that expresses MUCl; and 

(b) administering to the subject an antisense oligonncleotide or a nucleic acid 
comprising a TRE operably linked to a nucleic acid sequence that is transcribed into the 
antisense oligonucleotide, 

20 wherein the antisense oligonucleotide (i) hybridizes to a MUCl ti-anscript or to a 

tmnor progressor transcript and (ii) inhibits expression of MUCl or the tHmor progressor 
in (he cell. 

30. The mefhod of claim 29, wherein the subject is a hnman patient. 

3 1 . The miethod of clahn 29, wherein the cancer cell is a breast caacer cell. 
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